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PROCEEDINGS OF THE SIXTH ANNUAL 
BIOCHEMICAL ENGINEERING SYMPOSIUM 
This symposium is the sixth of an annual series conducted so 
that results of biochemical engineering research can be exchanged by 
the researchers who actually carry it out. The first four meetings 
were held alternately at Kansas State University and the University 
of Nebraska-Lincoln for attendees from those two schools. The fifth 
and sixth involved participants from Kansas State University and Iowa 
State University; this was the first meeting away from a university 
campus. 
Elmer L. Gaden of the University of Vermont and Edward 
Travnicek of American Optical Corporation attended parts of the symposium. 
Participants from Kansas State were J. R. Gutierrez, Serafin Sanchez, 
Mark Orazem, Chester Ho, Shantilal Mohnot, Y. H. Lee, and Larry E. 
Erickson. Gbekeloluwa B. Oguntimein, William J. Smith, Y. Eric Chen, 
Clarence C. Ron, Alfred R. Fratzke, James R. Frederick, Mary M. Frederick, 
and Peter J. Reilly attended from Iowa State. 
Those interested in further details on the work presented here 
should contact Profs. Larry E. Erickson or Peter J. Reilly. 
Peter J. Reilly 
Editor 
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INTRODUCTION 
1 
MATHEMATICAL MODEL OF OXYGEN TRANSFER 
IN AIRLIFT FERMENTORS 
Chester S. Ho 
Department of Chemical Engineering 
Kansas State University 
Manhattan, Kansas 66506 
In cultivating yeasts on hydrocarbons, one of the most .challenging 
steps is to dissolve sufficient oxygen in the medium where the micro-
organisms grow. Because of its low solubility in aqueous solutions, 
oxygen has to be supplied continuously. The rate of oxygen transport 
from the sparged gas phase to living organisms is frequently the rate 
controlling factor in fermentations. 
A number of fermentor designs have been proposed for the purpose 
of increasing the oxygen transfer rate while minimizing power consumption. 
One of the most promising was found to be the airlift fermentor which 
was first patented by Lefrancois and co-workers!. 
The purpose of the present work is to model oxygen transfer in 
a concentric airlift fermentor. Most of the data are from Hatch's 
dissertation2• 
MODEL OF THIS STUDY 
In airlift hydrocarbon fermentations, four phases are present, 
that is, the aqueous medium, hydrocarbon phase, gas phase, and micro-
organisms. Oxygen must be transported from the gas phase to the or-
ganisms. Most investigators treat systems with two liquid phases 
as if there is only one liquid phase by assuming oxygen equilibrium 
between the liquids or by neglecting mass transfer to the dispersed 
liquid phase. Mimura and co-workers found that when the hydrocarbon 
volume fraction of the liquid phase is 2% or less, the liquid mixture 
can be treated as one phase3. In the following study, the liquids 
are treated as a single phase, rather than separate phases. 
In the head region, a well-mixed reactor model is employed to 
represent the gas and liquid phases. For the annular and draft tube 
regions, however, the fluids frequently travel at velocities such that 
axial dispersion is small. A "tanks-in-series" model can thus be 
employed to model the gas and liquid phases in the draft tube and 
annular regions. 
Under steady state conditions, the oxygen balance over the 
i-th completely mixed stage in the draft tube region leads to 
Pi vi 
ni-lyi-1- niYi- ~ai(H: Yi-Ci)(l-Hdi) ;- = O 
c 
(1) 
2  
f o r  t h e  g a s  p h a s e ,  a n d  
p i  
Q C i - 1 - Q C i  +  ~ai(Hl Y i - C i ) ( l - H d i ) V i - R X ( l - H d i ) V i  =  0  
c  
( 2 )  
f o r  t h e  l i q u i d  p h a s e .  O x y g e n  b a l a n c e s  c a n  a l s o  b e  w r i t t e n  f o r  t h e  h e a d  a n d  
a n n u l a r  r e g i o n s .  B u b b l e  m o v e m e n t  i n  t h e  a n n u l a r  r e g i o n  i s  m o r e  c o m p l i c a t e d  
t h a n  t h e  u p f l o w  r e g i o n ,  b e c a u s e  l a r g e r  b u b b l e s  f o r m  b y  c o a l e s c e n c e  a n d  a s c e n d  
t o  t h e  t o p .  B o t h  c o c u r r e n t  a n d  c o u n t e r c u r r e n t  g a s  l i q u i d  f l o w s  a r e  p r e s e n t .  
T o  s i m u l a t e  b o t h  c o c u r r e n t  a n d  c o u n t e r c u r r e n t  g a s  l i q u i d  f l o w s ,  t w o  w e l l -
m i x e d  b a l a n c e s  a r e  e m p l o y e d  t o  s e p a r a t e l y  c h a r a c t e r i z e  t h e  e f f e c t s  o f  t h e  
u p f l o w  a n d  d o w n w a r d  f l o w  o f  g a s .  A  f r a c t i o n ,  f ,  o f  t h e  d o w n w a r d  v o l u m e t r i c  
g a s  f l o w  t o  a  w e l l - m i x e d  s t a g e  r e v e r s e s  d i r e c t i o n  a n d  f l o w s  u p w a r d  d u e  t o  
c o a l e s c e n c e .  A t  e a c h  s t a g e  i n  t h e  d o w n f l o w  r e g i o n ,  t h e  s a m e  v a l u e  o f  f  i s  
e m p l o y e d .  
B y  a s s u m i n g  a n  i n f l o w  o f  n  m o l e s  g a s / s e c  t o  t h e  a i r l i f t  s y s t e m  a n d  r n  
I  
0  0  
m o l e s  g a s  s e c  a s  t h e  f l o w  t o  a n n u l a r  r e g i o n ,  a  m a s s  f l o w  s h e e t  f o r  t h e  c o n -
c e n t r i c  a i r l i f t  f e r m e n t o r  m a y  b e  c o n s t r u c t e d  a s  s h o w n  i n  F i g u r e  1 .  T h e  
s y s t e m  i s  t r e a t e d  b y  a  g e n e r a l  m o d e l  w i t h  N  s t a g e s  f o r  t h e  u p f l o w  d r a f t  t u b e  
r e g i o n  a n d  M  s t a g e s  f o r  t h e  a n n u l a r  r e g i o n .  M a s s  b a l a n c e s  f o r  g a s  p h a s e  f l o w  
a n d  l i q u i d  p h a s e  f l o w  a r e  c o n s i d e r e d  i n  t h e  d r a f t  t u b e  a n d  t h e  h e a d  r e g i o n .  
I n  t h e  a n n u l a r  r e g i o n ,  s e p a r a t e  b a l a n c e s  a r e  m a d e  f o r  u p f l o w  a n d  d o w n w a r d  
f l o w  o f  g a s  a s  s h o w n  i n  F i g u r e  1 .  B o t h  g a s  b u b b l e s  w h i c h  r i s e  a n d  t h o s e  
f l o w i n g  d o w n w a r d  a r e  a s s u m e d  t o  c o e x i s t  i n  t h e  s a m e  t a n k .  W h e n  t h e  l i q u i d  
p h a s e  b a l a n c e  i s  m a d e  f o r  t h e  t a n k ,  m a s s  t r a n s f e r  w i t h  b o t h  g a s  f l o w s  i s  
c o n s i d e r e d .  
T h e  p r e s s u r e  i n  e a c h  t a n k  i s  t h e  s u m  o f  t h e  a t m o s p h e r i c  p r e s s u r e  a n d  t h e  
l i q u i d  h e a d .  P r e s s u r e  p l a y s  a  s i g n i f i c a n t  r o l e  i n  i n f l u e n c i n g  t h e  d i s s o l v e d  
o x y g e n  c o n c e n t r a t i o n  d i s t r i b u t i o n .  A c c o r d i n g  t o  H e n r y ' s  l a w ,  a t  e q u i l i b r i u m  
t h e  p a r t i a l  p r e s s u r e  o f  o x y g e n  i n  g a s  p h a s e  i s  p r o p o r t i o n a l  t o  t h e  a m o u n t  o f  
o x y g e n  d i s s o l v e d  i n  t h e  l i q u i d  p h a s e ,  t h a t  i s ,  
P o
2  
.  P .  
C * =  '
1
= _ ! Y  
i  H  H  i  
( 3 )  
c  · c  
*  
w h e r e C i  a n d  Y i  a r e  t h e  d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n  a n d  m o l e  f r a c t i o n  o f  
o x y g e n  i n  t h e  g a s  p h a s e  r e s p P . c t i v e l y ,  P i  r e p r e s e n t s  t h e  t o t a l  p r e s s u r e  a t  
s t a g e  i .  A s  o n e  c a n  s e e ,  C i *  i s  p r o p o r f i o n a l  t o  P i ;  t h e r e f o r e ,  f o r  t a l l  
c o l u m n s ,  C . *  n e a r  t h e  b o t t o m  i s  l a r g e r  t h a n  i n  t h e  h e a d  r e g i o n .  T h e  p r e s s u r e  
1  
t e r m  P i ,  i n  E q n .  ( 3 )  i s  d e f i n e d  a s  
P i =  p a t m  +  cx{hH(l-~) +  ( h d  +  h o p } [ ( 1 - 2~;1) ( 1 - H d i ) ] }  
f o r  i - t h  s t a g e  i n  t h e  d r a f t  t u b e  r e g i o n  a n d  
P j  =  P  +  c x { h  ( 1 - H  )  +  ( h d  +  h  )  [  2 j - l  ( 1 - H  j ) ] }  
a t m  -~ -~ o p  
2
M  a  
f o r  j - t h  s t a g e  i n  t h e  a n n u l a r  r e g i o n .  
V a l u e s  f o r  g a s  h o l d u p  a n d  t h e  o x y g e n  t r a n s f e r  c o e f f i c i e n t  f o r  
d i f f e r e n t  s p a r g e r  g a s  f l o w  r a t e s  w e r e  g i v e n  i n  H a t c h ' s  w o r k 2 .  I n '  
t h i s  s t u d y ,  g a s  h o l d u p  i s  a s s u m e d  c o n s t a n t  w i t h i n  t h e  d r a f t  t u b e  a n d  
a l s o  w i t h i n  t h e  a n n u l a r  r e g i o n .  G a s  h o l d u p  i n  t h e  h e a d  r e g i o n  i s  
( 4 )  
( 5 )  
3 
assigned equal to that in the draft tube. Oxygen transfer coefficients 
for the .. three regions can be found in Batch's dissertation. However, 
s:ince both cocurrent and countercurrent gas liquid flows occur in the annular 
region, the oxygen transfer coefficient should be modified stage-by-stage. 
For the j-th stage in the annular region, the oxygen transfer coefficients 
for downward flow bubbles and upflow bubbles are given as 
and 
K._a 
-1. j = 
M(l-f)j ~<{ 
Mfdr (1-f)j-l ~ 
(1-f+fdr) l:~6 (1-f)k] 
(6) 
(7) 
respectively, where ~a is the average oxygen transfer coefficient in the 
annular region as shown in Hatch's work and dr represents the ratio of the 
Sauter mean diameters of the bubbles flowing dQ.wn to those flowing up in the 
annular region. 
For a system with N stages in the draft tube region, M stages in the 
annular region, and another stage for the head region, there are (2N+3M+2) 
simultaneous oxygen balance equations. Equation (1) and (2) are the oxygen 
balances for stage i of the draft tube. Similar balances can be written for 
the other stages. In this study, five stages are assumed for the annular 
region and also for the draft tube; a problem of 27 simultaneous equations 
is encountered. With the help of a high speed digital computer, the dissolved 
oxygen concentration distribution is obtained as shown in Figure 2. 
DISCUSSION 
The simulation results show that more uniform dissolved oxygen concen-
tration distributions can be obtained for shorter columns. Sparger gas flow 
rate plays an important role in the dissolved oxygen distribution. For ex-
ample, the dissolved oxygen concentration for 500 1/min is about twice the 
dissolved oxygen concentration for 300 1/min if the respiration consumption 
rate is 0.5 mg 0211-sec. 
Different regions show different dissolved oxygen concentration patterns. 
In the lower part of the draft tube, the dissolved oxygen concentration in-
creases with draft tube height. In the annular region, the dissolved oxygen 
concentration decreases as the liquid phase flows downward. These results 
are qualitatively in agreement with those found by Hatch2. 
CONCLUSION 
A model for oxygen transfer in airlift fermentors has been developed. 
This model may be useful for simulation and process development studies 
with airlift fermentors. 
4  
N o m e n c l a t u r e  
a  :  
c  
d  
r  
f  :  
i n t e r f a c i a l  a r e a  b e t w e e n  p h a s e s  p e r  u n i t  v o l u m e  o f  t h e  l i q u i d  m e d i u m ,  
c m 2 / c m 3  
d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n  i n  l i q u i d  p h a s e ,  m g  0
2
1 1  
r a t i o  o f  S a u t e r  m e a n  d i a m e t e r s  o f  t h e  d o w n w a r d  f l o w  b u b b l e s  t o  t h e  
u p f l o w  b u b b l e s ,  d i m e n s i o n l e s s  
f o r  t h e  g a s  p h a s e  w h i c h  f l o w s  d o w n w a r d  i n t o  a  s t a g e ,  f  i s  t h e  f r a c t i o n  
o f  t h a t  f l o w  w h i c h  r e v e r s e s  d i r e c t i o n  d u e  t o  c o a l e s c e n c e ,  O~f~l, d i m e n -
s i o n l e s s  
h  :  h e i g h t ,  e m  
H e :  H e n r y ' s  l a w  c o n s t a n t ,  1 - a t m / m g  0
2  
H  :  g a s  h o l d u p ,  d i m e n s i o n l e s s  
i  :  i - t h  s t a g e  i n  t h e  d r a f t  t u b e ,  d i m e n s i o n l e s s  
j  :  j - t h  s t a g e  i n  t h e  a n n u l a r  r e g i o n ,  d i m e n s i o n l e s s  
~: m a s s  t r a n s f e r  c o e f f i c i e n t  i n  l i q u i d  f i l m ,  e m / s e c  
M  :  t o t a l  n u m b e r  o f  s t a g e s  i n  t h e  a n n u l a r  r e g i o n ,  d i m e n s i o n l e s s  
m  :  m o l e c u l a r  w e i g h t  o f  o x y g e n ,  m g  0
2
/  m o l e  
N  :  t o t a l  n u m b e r  o f  s t a g e s  i n  t h e  d r a f t  t u b e ,  d i m e n s i o n l e s s  
n  :  i n i t i a l  m o l a r  a i r  f l o w  r a t e ,  m o l e s / s e c  
0  
P  :  p r e s s u r e  h e a d  a s  d e f i n e d  i n  e q u a t i o n s  ( 4 )  a n d  ( 5 )  ,  a t m  
Q  :  v o l u m e t r i c  l i q u i d  f l o w  r a t e ,  1 / s e c  
R X :  r e s p i r a t i o n  c o n s u m p t i o n  r a t e  o f  m i c r o o r g a n i s m s ,  m g  0
2
1 1 - s e c  
V  :  v o l u m e ,  1  
Y  :  m o l e  f r a c t i o n  o f  o x y g e n  i n  g a s  p h a s e ,  m o l e  0
2
/ m o l e  g a s  
a  :  c o n v e r s i o n  f a c t o r ,  =  0 . 0 0 0 9 6 8  a t m / c m  o f  w a t e r  
S u p e r s c r i p t s  
*  
a t  e q u i l i b r i u m  
- - - - - -
-----·----------------
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Subscripts 
a annular region 
d draft tube region 
H head region 
i i-th stage in the draft tube 
j j-th stage in the annular region 
op: the opening between the draft tube and tower bottom 
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INTRODUCTION 
8 
EFFECT OF COLUMN HEIGHT ON OXYGEN 
TRANSFER IN AIRLIFT SYSTEMS 
Mark E. Orazem 
Department of Chemical Engineering 
Kansas State University 
Manhattan, Kansas 66506 
A fermentor can be described as a vessel which provides the nutritional 
and physiological environment required for single cell growth. Of the many 
nutrients required fo~ cell growth, the most difficult to supply are those 
of low solubility in the liquid phase. Typically, oxygen is the component 
with the lowest solubility of the major elements involved. As a result, for 
aerobic cell growth, the fermentor is usually designed to maximize the oxygen 
transfer rates while minimizing power requirements. 
One of the more successful fermentor designs in obtaining high oxygen1 tTansfer rates is the airlift tower first patented by Lefrancois in 1955. 
Figure 1 shows a typical airlift tower. The traditional airlift design con-
sists of two concentric cylinders with the inner cylinder called the draft 
tube. The major regions of the fermentor are: 
1) The head region, which is the two phase volume above the 
draft tube, 
2) The annular region, which is the volume between the draft 
tube and the outer column, and 
3) The draft tube region, which is enclosed by the draft tube. 
Air is sparged into the base of the draft tube. The density of the dispersion 
in the draft tube is less than that in the annulus, resulting in a pressure 
differential which causes a recirculating flow pattern. Some bubbles are 
entrained in the annulus by the downward flow so oxygen transfer can take 
place in all three regions. 
. 1 
In his Ph.D. dissertation , Randy Hatch measured the relative oxygen 
transfer coefficients in the three regions by measuring the local dissolved 
oxygen partial pressures. The highest oxygen transfer coefficients were 
found to be in the head region. 
The overall oxygen transfer coefficient can be defined as: 
VH VD VA 
(~a)T = V (~a)H + V(~a)D + V(~a)A 
T T T 
(1) 
where: 
~a is the oxygen transfer coefficient, V is the dispersion volume, 
H denotes head region, D denotes draft tube region, A denotes annular region, 
and T denotes overall or total. 
9  
T h e  o x y g e n  t r a n s f e r  r a t e  i s  a  f u n c t i o n  o f  t h e  o x y g e n  t r a n s f e r  c o e f f i c i e n t ,  
N
8  
=~a ( C * - C )  
( 2 )  
w h e r e :  
N  i s  t h e  o x y g e n  t r a n s f e r  r a t e ,  C *  i s  t h e  e q u i l i b r i u m  o x y g e n  c o n c e n t r a -
a  
t i o n  i n  t h e  l i q u i d  p h a s e ,  a n d  C  i s  t h e  o x y g e n  c o n c e n t r a t i o n  i n  t h e  l i q u i d  
p h a s e .  
I t  c a n  b e  s e e n ,  t h e n ,  t h a t  t h e  o x y g e n  t r a n s f e r  r a t e  c a n  b e  i n c r e a s e d  b y  
i n c r e a s i n g  t h e  o x y g e n  t r a n s f e r  c o e f f i c i e n t  o f  a n y  r e g i o n  o r  b y  i n c r e a s i n g  t h e  
v o l u m e  o f  t h e  r e g i o n  w i t h  l a r g e s t  o x y g e n  t r a n s f e r  c o e f f i c i e n t .  T h e  l a t t e r  
w o u l d  m e a n  i n c r e a s i n g  t h e  h e a d  r e g i o n  v o l u m e .  
T h i s  c o u l d  b e  d o n e  b y  e m p l o y i n g  a  m u l t i s t a g e  a i r  l i f t  f e r m e n t o r .  E a c h  
s t a g e  w o u l d  h a v e  a  s e p a r a t e  d r a f t  t u b e  a n d  i t s  o w n  r e c i r c u l a t i o n  p a t t e r n .  
E X P E R I M E N T A L  
T h i s  s t u d y  w a s  p e r f o r m e d  i n  o r d e r  t o  d e t e r m i n e  t h e  e f f e c t  o f  c o l u m n  
h e i g h t  o n  t h e  o x y g e n  t r a n s f e r  f r o m  t h e  g a s  t o  t h e  l i q u i d  p h a s e .  I n d i r e c t l y ,  
t h i s  w o u l d  d e t e r m i n e  t h e  e f f e c t  o f  c h a n g i n g  t h e  v o l u m e  f r a c t i o n  o f  t h e  h e a d  
r e g i o n  o n  o x y g e n  t r a n s f e r .  I f  t h e  c o l u m n  h e i g h t  w o u l d  b e  o b s e r v e d  t o  h a v e  
n o  e f f e c t  o n  t h e  o x y g e n  t r a n s f e r  r a t e ,  t h e n  t h e  u s e  o f  a  m u l t i - s t a g e  a i r -
l i f t  c o l u m n  w o u l d  m e r i t  n o  f u r t h e r  s t u d y .  
F i g u r e  1  s h o w s  a  m o d i f i c a t i o n  o f  t h e  d r a f t  t u b e  s t y l e  f e r m e n t o r .  I t  
c o n s i s t s  o f  a  c y l i n d e r  w i t h  a  v e r t i c a l  b a f f l e  f i x e d  i n  t h e  c e n t e r  o f  t h e  
c y l i n d e r .  A i r  i s  s p a r g e d  i n t o  o n e  c o m p a r t m e n t  a n d  t h e  r e s u l t i n g  p r e s s u r e  
d i f f e r e n t i a l  c a u s e s  a  r e c i r c u l a t i n g  f l o w  p a t t e r n  a r o u n d  t h e  b a f f l e .  T h i s  
s p l i t  c o l u m n  t o w e r  h a s  t h e  a d v a n t a g e  o f  e a s y  c o n s t r u c t i o n  a n d  w a s  c h o s e n  t o  
b e  u s e d  i n  t h i s  s t u d y .  
F i g u r e  1  p r e s e n t s  a  s c h e m a t i c  o f  t h e  s y s t e m  u s e d  f o r  t h e  e x p e r i m e n t a l  
w o r k .  T h e  c o l u m n  w a s  s i x  i n c h e s  i n  d i a m e t e r  a n d  w a s  m a d e  o f  P y r e x  g l a s s .  
T h e  b a f f l e  w a s  P l e x i g l a s  a n d  i t  w a s  h e l d  i n  p l a c e  b y  a  w a t e r  t i g h t  s i l i c o n e  
c a u l k i n g  s e a l .  A i r  w a s  s p a r g e d  t 2 r o u g h  a  3 / 8  i n c h  d i a m e t e r  p i p e  e i t h e r  w i t h  
o r  w i t h o u t  a  K o c h  L Y  s t a t i c  m i x e r  f i x e d  f i r m l y  d i r e c t l y  a b o v e  t h e  p i p e  i n  
t h e  u p f l o w  c h a n n e l .  T h e  L Y  t y p e  m i x e r  h a s  a  o n e - i n c h  c o r r u g a t i o n  a n d  c a n  b e  
c o n s i d e r e d  t o  b e  v e r y  p o r o u s  i n  t h i s  a p p l i c a t i o n .  I t  w a s  u s e d  t o  d i s t r i b u t e  
a i r  b u b b l e s  q u i c k l y  t h r o u g h o u t  t h e  c o l u m n  c r o s s - s e c t i o n a l  a r e a .  T h e  b a f f l e  
w a s  p l a c e d  2 . 4 4  i n c h e s  a b o v e  t h e  b o t t o m  o f  t h e  c o l u m n .  T h i s  a l l o w e d  f o r  a n  
o p e n i n g  w i t h  a  c r o s s - s e c t i o n a l  a r e a  1 . 0 9  t i m e s  t h a t  o f  t h e  u p f l o w  a n d  d o w n -
f l o w  c r o s s - s e c t i o n a l  a r e a s .  
T h e  s o d i u m  s u l f i t e  o x i d a t i o n  m e t h o d  w a s  u s e d  t o  d e t e r m i n e  a  r e p r e s e n t a t i v e  
o x y g e n  t r a n s f e r  c o e f f i c i e n t  f o r  e a c h  r u n .  T h i s  m e t h o d  u s e s  t h e  f a s t  r e a c t i o n  
o f  s o d i u m  s u l f i t e  w i t h  o x y g e n  t o  f o r m  s o d i u m  s u l f a t e .  T h e  r e a c t i o n  i s  v e r y  
r a p i d  a n d  t h e  l i q u i d  p h a s e  o x y g e n  c o n c e n t r a t i o n  c a n  b e  a s s u m e d  t o  b e  z e r o .  
T h e  o x y g e n  t r a n s f e r  c o e f f i c i e n t  c a n  b e  f o u n d  f r o m  e q u a t i o n  ( 2 )  b y  a s s u m i n g  
t h e  d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n  i n  t h e  l i q u i d  i s  n e g l i g i b l e .  
-~-------
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The sodium sulfite concentration at a given time was found by iodometric 
titration. A sample was titrated beyond the endpoint with iodine which oxi-
dizes the sulfite. The sample was then back titrated with sodium thiosulfate 
to a starch endpoint. 
In the experimentation the column was filled with a one weight percent 
sodium sulfite solution such that theungassed liquid was level with the top 
of the baffle. Air was sparged into the column to help mix the solution and 
to start the run. Four 20 m1 samples were taken during each run at 10 minute 
intervals. The air flow rate and dispersion temperature were recorded. 
DISCUSSION OF RESULTS 
Figure 2 shows a representative run. The concentration of sodium sulfite 
is seen to be a linear function of time. This means the reaction of sodium 
sulfite to form sodium sulfate is zero order. ~a is then proportional to 
the slope. 
It should be mentioned that the oxygen transfer coefficient found 
through the sodium sulfite method may differ from the characteristic oxygen 
transfer coefficient under fermentation conditions. The value found is 
affected by the change in the physical properties of the liquid phase caused 
by the addition of sodium sulfite and is enhanced by the reaction itself. 
This value can, however, be used to compare the effectiveness of one baffle 
height to another, since the initial solution concentrations are held con-
stant through all the runs. 
The oxygen transfer coefficient, ~a, is shown as a function of baffle 
height in Figure 3. Reproducibility of the data was, as a whole, acceptable. 
The deviation ranged from 0 percent to 15.8 percent with an average deviation 
of 6.4 percent. 
The presence of an optimal baffle height for oxygen transfer means the 
multistage concept merits further study. It cannot, however, be interpreted 
in a manner as to conclude a multistage system of a given height will nec-
essarily yield higher oxygen transfer coefficients than a single stage system 
of the same dimensions. 
A lower ~a at low tower heights can be explained by the observation that 
the air stream traveled a short distance before some dispersion was achieved 
in the system without a static mixer. When a larger volume fraction of the 
column has air bubbles dispersed in it a higher rate of oxygen transfer can 
be expected. 
There are several factors that need to be taken into account when looking 
at the lower ~a at large tower heights. These can be looked at by comparing 
a tall tower wlth a short tower. In the taller tower more bubbles in the 
annular region have a chance to coalesce and rise leaving a region at the 
bottom comparatively free of bubbles. The volume fraction of air bubbles 
entrained in the annular region will decrease as the baffle height increases. 
1 1  
T h e  r e s i d e n c e  t i m e  o f  a  b u b b l e  i n  t h e  a n n u l a r  r e g i o n  w i l l  b e  l a r g e r  i n  t h e  
t a l l  t o w e r  s o  t h e  m o l e  f r a c t i o n  o f  o x y g e n  i n  t h e  b u b b l e  w i l l  b e  s m a l l e r .  
T h e  p r e s s u r e  o f  a n  a i r  b u b b l e  i n  t h e  d r a f t  t u b e  r e g i o n  i s  e q u a l  t o  t h e  
s u m  o f  t h e  a t m o s p h e r i c  p r e s s u r e  a n d  t h e  l i q u i d  h e a d  a b o v e  t h e  b u b b l e .  T h e  
e q u i l i b r i u m  c o n c e n t r a t i o n  i s  r e l a t e d  t o  t h e  p r e s s u r e :  
w h e r e  
C *  =  y P / H  
e q  
y  i s  t h e  m o l e  f r a c t i o n  o f  o x y g e n  i n  t h e  b u b b l e  a n d  H  i s  H e n r y ' s  l a w  
c o n s t a n t .  T h e  o x y g e n  t r a n s f e r  a t  t h e  b o t t o m  o f  t h e  drafte~ube a s  d e f i n e d  
i n  e q u a t i o n  ( 2 )  w i l l  i n c r e a s e  w i t h  t o w e r  h e i g h t .  A t  t h e  t o p  o f  t h e  t o w e r  
t h e  m o l e  f r a c t i o n  o f  o x y g e n  i n  t h e  b u b b l e  w i l l  b e  s m a l l e r  i n  t h e  t a l l  t o w e r  
s i n c e  t h e  r e s i d e n c e  t i m e  i s  l a r g e r .  A  c h a n g e  t o  s l u g  f l o w  m a y  b e  o b s e r v e d  
i n  t h e  t a l l  t o w e r  a s  b u b b l e s  c o a l e s c e .  
C O N C L U S I O N  
T h e  c o n c l u s i o n  o f  t h e  w o r k  p r e s e n t e d  i s  t h a t  t h e  m u l t i - s t a g e  t o w e r  m a y  
b e  a n  i m p r o v e m e n t  o v e r  t h e  s i n g l e  s t a g e  d e s i g n ,  a n d  c e r t a i n l y  m e r i t s  f u r t h e r  
s t u d y .  M a n y  f a c t o r s  n e e d  t o  b e  c o n s i d e r e d  i n  d e v e l o p i n g  a n  o p t i m a [  a i r l i f t  
f e r m e n t o r .  
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O x y g e n  T r a n s f e r  i n  t h e  A i r l i f t  F e r m e n t o r , "  P h . D .  D i s s e r t a t i o n  
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2 .  K o c h  S t a t i c  M i x e r ,  B u l l e t i n  K S M - 2 ,  K o c h  E n g i n e e r i n g  C o . ,  W i c h i t a ,  K S .  
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Fig. 1. Air lift system used in experimental work 
1-' 
N 
1 3  
8000~--------------------------------~ 
7 0 0 0  
R U N  I  B  
. .  
B A F F L E  H E I G H T  2 4  i n  .  
6 0 0 0  
S L O P E  1 7 7 . 6  m g A n i n · 1  
K L a  2 7 3  m i n . -
1  
5 0 0 0  
e (  
. . . . . .  
0  
E  
. .  4 0 0 0  
,  
~ 
N  
D  
z  
z  
0  
~ 
r x  
1 -
z  
l U  
0  
~ 
0  
3 0 0 0  
2 0 0 0  
1 0 0 0  
0  
0  
1 0  
T I M E ,  m i n .  
2 0  
3 0  
4 0  
F i g .  2 .  C o n c e n t r a t i o n  o f  N a
2
s o
3  
a s  a  f u n c t i o n  o f  t i m e .  
5 0  
2.80&.. 
- e Sparged through 3/8" pipe 
1!1 Sparged through 3/8" pipe 
and one Koch LY static mixer 
I I \ 
2.60 
2.40 
-; 
c: 2.20~ - \ 1-' 
·e '""""i:l ~ 
. 
~ 
2.00 
1~0------~------~------~------._----~~----~------~----~ 
0 8 16 24 32 40 48 56 64 
Baffle Height~ inches 
Fig. 3. The effect of baffle height on the mass transfer coefficient. 

----------
15 
Ml XING STUDIES IN 1\N OIL-WATER 1\IR Lf.FT SYSTEM WITH MOTIONLESS MIXERS 
INTRODUCTION 
J. R. Gutierrez 
Dept. of Chemical Engineering 
Kansas State University 
Manhattan, KS 66506 
It has been reported that the utilization of oil by yeast strongly 
depends on the surface area of oil to be contacted by the yeast (1,2). 
Since the diameter of the oil drops is responsible for the surface area of 
oil at a fixed concentration, it is important to study the effect of such 
variables as interfacial tension, power per unit volume and volume fraction 
of oil on the mean diameter of oil drops. 
One of the major problems in hydrocarbon fermentation is to bring the 
four phases that constitute the system tog~ther. This is necessary in 
order to hav,, good growth of microrganh~:ns. If one can maximize the total 
area of oil, this may result in faster uptake of oil by the yeast. 
MATERIAL AND METHODS 
Apparatus: 
The air lift system consisted of a 3-inch inside diameter glass column 
with a working volume of 3.0 liters. Three Koch motionless mixers of the 
BY type (3) were placed in the column with 6 inches of spacing between two 
consecutive mixing elements. The Koch mixer contained a number of elements 
mounted alternately at right angles to each other. Each mixing element 
was made of layers of corrugated sheet metal with a layer height of 1/4 
inch; they adjoin one another forming open intersecting channels (3). The 
fluid is split into individ~al streams at the open intersecting channel of 
the mixing element. At each intersection a partial quantity is sheared off 
into a crossing channel. Any inhm•ogenity is spread two-dimensionally in 
the first mixing element and three~imensionally in the iollowing one which 
is turned at 90° angle. The recycle stream, from the top to the bottom, 
flowed through a glass column one inch in diameter. Air was supplied at 
the bottom of the column. 
Analytical Methods: 
Hexadecane concentration was determined by gas chromatography after 
extraction with a mixed solvent. Samples of 10 to 15 grams were extracted 
in a separatory funnel with 30 ml. of hexane-chloroform mixture (1:1 v/v) 
containing a known concentration of tetradecane. The operating condition 
of the gas chromatograph was as follows: the column was a 5ft. x 1/8 in. 
stainless steel column packed with 10% Carbowax 20M on Chromosorb W; Nitro-
gen was used as the carrier gas at a flow rate of 25 ml./min. The operation 
was isothermal at 140°C; the detector was FID (hydrogen flame detector). 
Surface and interfacial tensions were determined by the du Nuoy ring 
method. The sample preparation procedure was as follows: the mixture of 
hexadecane and water was placed in a separatory funnel and allowed to sepa-
rate. After the separation had partially taken place the upper phase was 
centrifuged at 3500 rpm for 30 minutes and the water phase was filtered 
using a membrane with 0.8~ pore size (4). 
1 6  
T o  d e t e r m i n e  t h e  o i l  d r o p  s i z e  d i s t r i b u t i o n  t h e  d e t e r g e n t  m e t h o d  w a s  
u s e d  ( 5 ) .  A  s a m p l e  o f  2  t o  5  m l .  o f  t h e  e m u l s i o n  w a s  t a k e n  d i r e c t l y  i n t o  
a  2 0  w t %  s o l u t i o n  o f  s o d i u m  d o d e c y l  s u l f a t e .  P h o t o m i c r o g r a p h s  w e r e  t a k e n  
a n d  u s e d  t o  e s t i m a t e  t h e  s i z e  d i s t r i b u t i o n  o f  t h e  o i l  d r o p s .  M a g n i f i c a t i o n  
w a s  2 7 6  t i m e s .  
R E S U L T S  A N D  D I S C U S S I O N  
T h e  i m p o r t a n c e  o f  i n t e r f a c i a l  a r e a  i n  h y d r o c a r b o n  f e r m e n t a t i o n  h a s  b e e n  
d i s c u s s e d  b y  s e v e r a l  i n v e s t i g a t o r s  ( 1 , 2 , 8 ) .  T h e  a b i l i t y  t o  g e n e r a t e  s u r f a c e  
a r e a  o f  o i l  h a s  b e e n  reporte~ t o  b e  i m p o r t a n t  i n  t h e  k i n e t i c s  o f  h y d r o c a r b o n  
f e r m e n t a t i o n .  W h e n  t w o  l i q u i d  p h a s e s  a r e  p r e s e n t ,  a s  i n  h y d r o c a r b o n  f e r m e n -
t a t i o n s ,  t h e  i n t e r f a c i a l  a r e a  h a s  a  m u c h  g r e a t e r  e f f e c t  o n  t h e  o b s e r v e d  
g r o w t h  r a t e  t h a n  t h e  v o l u m e  f r a c t i o n  o f  h y d r o c a r b o n  ( 1 ,  2 ,  6 ,  8 ) .  
T h e  r e s u l t s  o f  t h i s  w o r k ,  w h i c h  a r e  p r e s e n t e d  i n  F i g u r e  1 ,  s h o w  t h a t  
t h e  e f f e c t  o f  i n t e r f a c i a l  t e n s i o n  o n  t h e  d e g r e e  o f  e m u l s i f i c a t i o n ,  m e a s u r e d  
a s  S a u t e r  m e a n  d i a m e t e r ,  w a s  f o l l o w e d  i n  i m p o r t a n c e  b y  t h e  v o l u m e  f r a c t i o n  
o f  o i l  a n d  t h e  p o w e r  p e r  u n i t  v o l u m e .  T h e  r e l a t i o n s h i p  w i t h  t h e  f i r s t  t w o  
c o n t r o l l e d  v a r i a b l e s  w a s  p r o p o r t i o n a l  t o  t h e  0 . 6 7 3  a n d  0 . 4 0 4  p o w e r  r e s p e c t -
i v e l y  a n d  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  p o w e r  p e r  u n i t  v o l u m e  t o  t h e  0 . 3 1 3  
p o w e r .  
F i g u r e  1  s h o w s  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  e x p e r i m e n t a l  v a l u e  o f  t h e  
S a u t e r  m e a n  d i a m e t e r  w i t h  t h a t  v a l u e  p r e d i c t e d  b y  t h e  r e g r e s s i o n  t e c h n i q u e s  
a p p l i e d  t o  t h e  e x p e r i m e n t a l  d a t a .  T h e  e q u a t i o n  t h u s  o b t a i n e d  i s :  
D S M  =  4 4 7  
( 0 ) 0 . 6 7 3  ( 0 ) 0 . 4 0 4  
( P / V ) 0 . 3 1 3  
( 1 )  
w h e r e  o  i s  i n t e r f a c i a l  t e n s i o n  i n  d y n e s / e m ,  ~ i s  v o l u m e  f r a c t i o n  o f  o i l  i n  
t h e  l i q u i d  p h a s e ,  a n d  P / V  i s  p o w e r  p e r  u n i t  v o l u m e  i n  d y n e s / e m  s e c .  
C a l d e r b a n k  ( 7 )  w o r k i n g  w i t h  a  s t i r r e d  t a n k  a s  a  s y s t e m  o b t a i n e d  a  s i m i l a r  
e q u a t i o n  o f  t h e  f o r m :  
D S M  
0 . 2 2 4  
{ < : ) 0 . 6  ( 0 ) 0 . 5  
( P / V ) 0 . 4  ( p ) 0 . 2  
w h e r e  p  i s  d e n s i t y  a n d  ~ i s  v i s c o s i t y .  
r~.~d
0 
o .  2 5  
\  - ; - .  
\  c ,  
( 2 )  
T h e  r e s u l t s  o b t a i n e d  i n  t h i s  w o r k  a r e  simil~r t o  t h o s e  o b t a i n e d  b y  
C a l d e r b a n k  f o r  a  s t i r r e d  t a n k .  M o o - Y o u n g  a n d  S h i m i z u  ( 8 )  w o r k i n g  w i t h  a  
s t i r r e d  t a n k  s h o w e d  t h a t  t h e  p o w e r  p e r  u n i t  v o l 1 '  n e  v a r i e d  t o  t h e  0 .  4  p o w e r  
w i t h  S a u t e r  m e a n  d i a m e t e r .  T h i s  r e s u l t  a g r e e s  e x a c t l y  w i t h  t h a t  o f  C a l d e r -
b a n k .  T h e  d i f f e r e n c e  b e t w e e n  t h o s e  r e s u l t s  a n d  t h a t  p r e s e n t e d  h e r e  m a y  b e  
d u e  t o  t h e  d i f f e r e n c e  i n  s y s t e m s  a n d  t o  t h e  u s e  o f  m o t i o n l e s s  m i x e r s .  
- - - - - - - - - - - - - - - - - - - - -
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The drop size distribution was also considered in this work. It was 
observed that in the air lift system of this investigation the drop size 
distribution was similar to that of a stirred tank reported by Prokop (9). 
The distribution is skewed to the right with a large number of small drops 
and decreasing number of drops as the size increases. 
The Sauter mean diameter is directly related to volume fraction of oil 
in the liquid phase and interfacial area per unit volume of liquid 
60 
a (3) 
Equations (1) and (3) may be combined to give 
a= 
(P/V)0.313 (0)0.596 
0.0134 (cr)0.673 
In order to investigate the effect of surface tension on gas hold up, 
the gas hold up was measured at various power inputs and surface tensions. 
The power per unit volume was varied by varying the flow rate of air and 
the surface tension was varied with the use of a surfactant, TWEEN 80 
(polysorbate). Fig. 2 shows a graph of these results. Regression analysis 
of this data gave an equation to predict hold up from surface tension and 
power per unit volume of the form 
H 0.632 (P/V) 0 "43 
(cr)0.53 
Calderbank (7) reported an equation to predict hold up of the form: 
The equation of Calderbank was applied to a stirred tank. In the system 
of the present work, the superficial velocity V in the Calderbank expres-
sion is already included in the power per unit ~olume term. 
The results show that surface tension affects gas hold up. When 
changes in surface tension occur during a fermentation, changes in gas hold 
up will also occur. Calderbank (7) has shown that the Sauter mean diameter 
decreases with decreases in surface tension. Thus, as surface tension de-
creases, gas hold up increases, air bubble size decreases, and interfacial 
area increases substantially. 
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PURIFICATION AND PROPERTIES OF ~-XYLOSIDASE 
Gbekeloluwa B. Oguntimein 
Department of Chemical Engineering and Nuclear Engineering 
Iowa State University 
Ames, Iowa 50011 
INTRODUCTION 
In the processing of agricultural plant products the bulk of the 
organic material that is grown is of low quality, and is either discarded 
or employed as a low-grade animal feed. This category, in the case of 
maize, the major agricultural product of the American Midwest, includes 
stalks, husks, cobs and hulls. These material are composed mainly of 
cellulose, hemicellulose, and lignin, with the first two being polysac-
charides and the third a polyphenol. 
All three of these fractions have been the subject of research to 
determine whether they could be feasibly broken down by enzymic means, 
since in each case a chemical process yielding the monomeric material 
causes extensive degradation. The research into the use of cellulases 
to produce glucose from cellulose is furthest advanced. 
Hemicellulose, a group of polymers that are named after the main 
components of the chain backbone and side chains, like cellulose may be 
enzymically hydrolyzed to yield simple sugars. The form found in 
greatest abundance in maize products, xylan, is attacked by the xylanase 
family to form a family of xylooligosaccharides. The latter are hydrolyzed 
by ~-xylosidase, related to ~-glucosidase, to yield xylose and xylooligosac-
charides of lower molecular weight. High, though not complete conversion 
of xylan to monosaccharides may be attained, since glucuronate-containing 
fragments remain, and glucuronidases are not excreted by the same organisms 
that produce xylanases and ~-xylosidase. 
The work to be reported here concerns the purification and characteri-
zation of ~-xylosidase. 
MATERIALS AND METHODS 
Enzyme Source 
Rohm and Haas Rhozyme HP-150 Concentrate was employed as a source 
of ~-xylosidase. The enzyme preparation, Lot 3-0007, was a tan powder 
derived from!· niger. Reportedly it was precipitated from the fer-
mentation broth by addition of alcohol. 
8-Xylosidase Assay 
For the ~-xylosidase assay, p-nitrophenyl-~-D-xylopyranoside was 
purchased from K & K, a division of ICN Pharmaceuticals. p-Nitrophenyl-
a-D-galactopyranoside, p-nitrophenyl-~-D-galactopyranoside, and 
2 2  
p-nitrophenyl-~-D-glucopyranoside, u s e d  a s  s u b s t r a t e s  t o  t e s t  f o r  t h e  
p r e s e n c e  o f  a - g a l a c t o s i d a s e ,  ~-galactosidase, a n d  ~-glucosidase, w e r e  
b o u g h t  f r o m  S i g m a .  o-Nitrophenyl-~-D-xylopyranoside, w h i c h  i s  a  m o r e  
e f f e c t i v e  s u b s t r a t e  f o r  ~-xylosidase, w a s  a l s o  o b t a i n e d  f r o m  S i g m a .  
~-Xylosidase w a s  a s s a y e d  b y  i n c u b a t i n g  3  m l  o f  0 . 0 2 M  s o d i u m  a c e t a t e  
b u f f e r  a t  p H  4 ,  0 . 5  m l  o f  p-nitrophenyl-~-D-xylopyranoside s o l u t i o n  
( l m M ) ,  0 . 1  m l  e n z y m e  s o l u t i o n ,  a n d  1  m l  d i o n i z e d  w a t e r  a t  4 0  ° C  f o r  3 0  
m i n .  T h e  r e a c t i o n  w a s  s t o p p e d  b y  a d d i n g  2  m l  o f  2 0 %  N a
2
c o  s o l u t i o n .  
T h e  p - n i t r o p h e n o l  l i b e r a t e d  w a s  m e a s u r e d  b y  r e a d i n g  t h e  o p f i c a l  d e n s i t y  
a t  4 0 0  n m  i n  a  1  e m  c u v e t t e .  O n e  u n i t  w a s  d e f i n e d  a s  t h e  a m o u n t  o f  
~-xylosidase n e c e s s a r y  t o  p r o d u c e  1  ~ole o f  x y l o s e  i n  1  m i n .  A  m o r e  
p r e c i s e  a n d  s e n s i t i v e  a s s a y  e m p l o y e d  f o r  s o m e  p u r i f i c a t i o n  a n d  t o  
d e t e r m i n e  ~-xylosidase a c t i v i t y  a n d  s t a b i l i t y  r e q u i r e d  0 . 9  m l  0 . 0 5 M  
s o d i u m  a c e t a t e  b u f f e r  a t  p H  4 ,  1  m l  o-nitrophenyl-~-D-xylopyranoside 
( 4 n M ) ,  a n d  0 . 1  m l  e n z y m e  s o l u t i o n  t o  b e  i n c u b a t e d  a t  4 0  ° C  f o r  1 5  m i n .  
o - N i t r o p h e n o l  a b s o r p t i o n  w a s  d e t e r m i n e d  a t  4 0 0  n m .  T h i s  a s s a y  y i e l d e d  
a c t i v i t i e s  s i x  t i m e s  a s  h i g h  a s  t h e  p r e v i o u s  o n e  w h e n  p u r i f i e d  
~-xylosidase w a s  a s s a y e d .  A c t i v i t i e s  o f  ~-glucosidase, a - g a l a c t o s i d a s e ,  
a n d  ~-galactosidase w e r e  m e a s u r e d  l i k e  t h e  f i r s t  ~-xylosidase a s s a y .  
P r o t e i n  D e t e r m i n a t i o n  
P r o t e i n  w a s  d e t e r m i n e d  b y  L o w r y ' s  m e t h o d ,
1  
u s i n g  b o v i n e  s e r u m  
a l b u m i n  a s  s t a n d a r d .  W i t h  c o l u m n  e f f l u e n t  a n  o n - l i n e  I S C O  U A - 5  u l t r a -
v i o l e t  m o n i t o r  w i t h  a  0 . 5  e m  c u v e t t e  a t  2 8 0  n m  w a s  e m p l o y e d .  
R E S U L T S  
P u r i f i c a t i o n  o f  ~-Xylosidase 
T h e  p u r i f i c a t i o n  o f  ~-xylosidase m a d e  u s e  o f  a n  A m i c o n  X M - l O O A  
m e m b r a n e ,  w i t h  a  n o m i n a l  e x c l u s i o n  l i m i t  o f  1 0 0 , 0 0 0  d a l t o n s ,  t o  c o m p l e t e l y  
s e p a r a t e  t h e  x y l a n a s e s  ( 1 5 , 0 0 0 - 3 9 , 0 0 0  d a l t o n s )  f r o m  ~-xylosidase 
( a p p r o x i m a t e l y  2 0 0 , 0 0 0  d a l t o n s ) .  
F i f t y  g r a m s  o f  c r u d e  e n z y m e  w e r e  d i s s o l v e d  i n  d i s t i l l e d  w a t e r  t o  
y i e l d  3 2 0  m l  o f  s o l u t i o n .  A f t e r  c e n t r i f u g i n g  a t  1 3 , 0 0 0  r p m  ( 2 1 , 0 0 0  g )  
i n  a  S o r v a l l  R C - 2 B  c e n t r i f u g e  f o r  1  h r ,  2 . 0 2  g  d r y  w e i g h t  p r e c i p i t a t e  
w a s  r e m o v e d  a n d  d i s c a r d e d .  T o  t h e  3 0 8  m l  o f  s u p e r n a t a n t  w a s  a d d e d  2 0 5  g  
s o l i d  ( N H
4
)
2
s o
4  
t o  a c h i e v e  9 5 %  s a t u r a t i o n  a t  4  ° C .  A f t e r  o v e r n i g h t  
s t o r a g e ,  t h e  s u s p e n s i o n  w a s  c e n t r i f u g e d  a t  2 1 , 0 0 0  g  f o r  1  h r .  T h e  
r e s u l t i n g  p r e c i p i t a t e  w a s  l a y e r e d ,  t h e  b o t t o m  q u a r t e r  b e i n g  m i l k y  w h i t e  
a n d  t h e  r e m a i n d e r  b r o w n i s h .  
T h e  p e l l e t  w a s  d i s s o l v e d  i n  2 5 0  m l  p H  4 . 6 - 5 . 0  a c e t a t e  b u f f e r  ( 0 . 0 5 M )  
a n d  a d d e d  t o  t h e  A m i c o n  4 0 2  u l t r a f i l t r a t i o n  c e l l  h o l d i n g  a n  X M - l O O A  
m e m b r a n e .  A f t e r  d i l u t i n g  t o  3 5 0  m l  a n d  d i a l y z i n g  w i t h  1 4 0 0  m l  a c e t a t e  
b u f f e r  o v e r  6 8  h r ,  t h e  s o l u t i o n  w a s  c o n c e n t r a t e d  t o  7 5  m l  u n d e r  1 0  p s i g  
o v e r  a  f u r t h e r  2 4  h r  a n d  t h e n  d i l u t e d  t o  1 0 2  m l  w i t h  a c e t a t e .  A  4 0  m l  
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portion was added to a 9.7 x 150 40-120 ~particle diameter Sephadex 
G-150 column eluted with 0.05M acetate buffer at pH 4.6-5.0 (Fig. 1). 
During the course of the run the eluent flow rate decreased from 100 to 
30 ml/hr. After the void volume (3400 ml) was discarded, tubes 1-45, 
with a volume of 1030 rnl, were pooled. 
A 300 rnl fraction of the effluent from the large G-150 column was 
concentrated to approximately 50 ml at 20 psig in the Amicon 402 cell 
with a XM-lOOA membrane and then dialyzed with 500 ml of 0.02M phosphate 
buffer at pH 6.8. With washings, the final volume of the dialysate was 
97 rnl. Twenty-five milliliters of this was applied to a 2.4 x 52 ern 
column of 40-120 ~ DEAE-Sephadex A-25 eluted with 49.5 ml/hr of a 0.03 
to 0.28 ionic strength gradient produced by mixing the buffer with NaCl 
(Fig. 2). Tubes 75-115, containing a total volume of 326 ml, were pooled. 
Table 1 summarizes the purification through the DEAE-Sephadex step. 
A further step, not included in the table, was to purify a fraction from 
anotherDEAE-Sephadex column with SP-Sephadex. Specifically, 15 ml 
of ~-xylosidase solution of 2.4 U/rng activity was added to a 1.4 x 60 em 
column containing 40-120 ~ SP-Sephadex C-25. The elution was carried 
out with 19 ml/hr 0.05M citrate at pH 3.1 with a gradient constructed 
with 0.2M NaCl (Fig. 3). The activity yield was 47%, which together 
with a purification factor of approximately 3 suggests that an integrated 
purification procedure including the SP-Sephadex step could achieve 
over 100-fold purification in approximately 25% yield, producing ~­
xylosidase of over 10 U/mg specific activity, as assayed with p-nitrophenyl-
~-D-xylopyranoside. SP-Sephadex chromatography is able to separate 
~-glucosidase into two distinct fractions, with ~-xylosidase being eluted 
between them. Though the ~-glucosidase fraction that is eluted first 
does not hydrolyze p-nitrophenyl-~-D-xylopyranoside, it is quite possible 
that the second one does to a limited extent. 
Characterization of Soluble S-Xylosidase 
The optimum pH for activity was determined by employing the 
o-nitrophenyl-S-D-xylopyranoside assay with 0.0375M Tris-citrate buffer 
at varying pH's and 40 °C for 15 min. The highest activity was found 
near pH 3.75 (Fig. 4). 
The effect of temperature on S-xylosidase activity was measured with 
0.05M acetate buffer at pH 4.0. A plot of ln (activity) vs. reciprocal 
temperature (Fig. 5) demonstrated that enzyme activity followed an 
Arrhenius relationship up to 70 °C. Up to this temperature the energy 
of activation was 11.9 kcal/rnole. 
The effect of temperature on the stability of S-xylosidase was 
determined by incubating the enzyme in 0.05M acetate buffer at pH 4.0. 
Half-lives increased from 0.14 hr at 75 °C to 43 hr at 65 °C, yielding 
the exceptionally high activation energy for decay of 148 kcal/mole 
(Fig. 6). 
2 4  
p H  h a s  a  s t r o n g  i n f l u e n c e  o n  ~-xylosidase s t a b i l i t y ,  t h e  o p t i m u m  a t  
6 5 ° c  i n  0 . 0 3 7 5 M  T r i s - c i t r a t e  b u f f e r  i s  f o u n d  b e t w e e n  p H  4 . 0  a n d  4 . 5  ( F i g .  7 ) .  
S t a b i l i t y  w a s  v e r y  l o w  a t  p H ' s  3 . 5  a n d  5 . 5 .  I n  b o t h  p H  s t u d i e s  t h e  i o n i c  
s t r e n g t h  w a s  a d j u s t e d  t o  0 . 4  w i t h  N a C l .  
D I S C U S S I O N  
~-Xylosidase h a s  b e e n  p u r i f i e d  b y  a  n e w  m e t h o d  i n  t h i s  p r o j e c t .  I t  
i s  s o m e w h a t  d i f f i c u l t  t o  c o m p a r e  r e s u l t s  o f  d i f f e r e n t  r e s e a r c h e r s  b e c a u s e  
o f  t h e  d i f f e r e n t  a s s a y  p r o c e d u r e s  e m p l o y e d .  M o r e  g r o u p s  h a v e  u s e d  p - n i t r o -
phenyl-~-D-xylopyranoside t h a n  a n y  o t h e r  s u b s t r a t e ,  s o  d i f f e r e n t  a c t i v i t i e s  
w i l l  b e  a d j u s t e d  t o  a  c o m m o n  b a s i s  u s i n g  t h a t  m a t e r i a l .  
T h e  p u r i f i c a t i o n  o f  ~-xylosidase, e m p l o y i n g  ( N H  )
2
s o
4  
p r e c i p i t a t i o n ,  
S e p h a d e x  G - 1 5 0  g e l  f i l t r a t i o n ,  a n d  D E A E - S e p h a d e x  A-2~ a n d  S P - S e p h a d e x  c - 2 5  
i o n  e x c h a n g e ,  w i t h  i n t e r v e n i n g  d i a l y s i s  c o n c e n t r a t i o n  b y  u l t r a f i l t r a t i o n ,  
g a v e  a p p r o x i m a t e l y  1 0 0 - f o l d  p u r i f i c a t i o n  i n  a b o u t  2 5 %  y i e l d  a n d  a  f i n a l  a c t i -
v i t y  o f  r o u g h l y  1 0  U / m g .  p-Nitrophenyl-~-D-xylopy2a~oside w a s  e m p l o y e d  i n  
O . l 0 8 m M  c o n c e n t r a t i o n ,  w e l l  b e l o w  i t s  K  o f  0 . 3 5 m M ' .  A d j u s t i n g  t h e  c o n c e n -
t r a t i o n  t o  s a t u r a t i o n  v a l u e s  l e a d s  t o  a W  a c t i v i t y  o f  a p p r o x i m a t e l y  6 0  U / m g .  
T w o  o t h e r s  h a v e  p u r i f i e d  t h e  ~ n i g e r  ~-xylosidase. C l a e y s s e n s  e t .  a l .  
2  
e m p l o y e d  S E - S e p h a d e x  C - 5 0  i o n  e x c h a n g e  a t  p H  3 . 6 ,  c o l u m n  e l e c t r o p h o r e s i s ,  
D E A E - S e p h a d e x  A - 5 0  a t  p H  6 . 8 ,  a n d  S e p h a d e x  G - 2 0 0  t o  o b t a i n  8 9 - f o l d  p u r i f i c a t i o n  
i n  4 2 %  y i e l d .  T h e  s p e c i f i c  a c t i v i t y  w h e n  a s s a y e d  w i t h  s a t u r a t i n g  c o n c e n t r a -
t i o n s  o f  p-nitrophenyl-~-D-xylopyranoside w a s  2 5  U / m g .  
T a k e n i s h i  e t  a l .  
4  
u s e d  ( N H  )  s o
4  
p r e c i p i t a t i o n ,  D E A E - S e p h a d e x  A - 5 0  
i o n  e x c h a n g e  a t  p H  5 ,  S e p h a d e x  8 - i 5 o  c h r o m a t o g r a p h y  a n d  e l e c t r o p h o r e s i s  t o  
a c h i e v e  3 9 2 - f o l d  p u r i f i c a t i o n  w i t h  2 2 %  y i e l d .  T h e  a s s a y  wa~ c o n d u c t e d  w i t h  
0 . 5  m M  phenyl-~-D-xylopyranoside, w h i c h  h a s  a  K  o~ 0 . 9 9  m M .  S i n c e  i t s  V  
i s  8 . 8 %  t h a t  o f  p-nitrophenyl-~-D-xylopyranoside, i t s  s p e c i f i c  a c t i v i t y  m a x  
b a s e d  o n  t h a t  s u b s t r a t e  i s  r o u g h l y  1 9 0  U / m g .  T h e  h i g h  p u r i f i c a t i o n  a n d  a c t i v i t y  
w a s  l a r g e l y  c a u s e d  b y  a  v e r y  e f f e c t i v e  D E A E - S e p h a d e x  s t e p .  
4  
I n  t h e  l a t t e r  p a p e r  ~-glucosidase w a s  s e p a r a t e d  f r o m  ~-xylosidase b y  
e l e c t r o p h o r e s i s ;  i n  t h e  f o r m e r
2  
i t  w a s  p a r t i a l l y  a c c o m p l i s h e d  b y  S E - S e p h a d e x  
a n d  t h e n  m o r e  t h o r o u g h l y ,  t h o u g h  n o t  c o m p l e t e l y ,  b y  e l e c t r o p h o r e s i s .  T h e  u s e  
o f  e l e c t r o p h o r e s i s  m u s t  b e  e l i m i n a t e d  i f  t h e  e n z y m e s  w e r e  t o  b e  p r o d u c e d  i n  
l a r g e r  q u a n t i t i e s .  T h e r e f o r e ,  o u r  w o r k  h a s  c o n c e n t r a t e d  o n  f i n d i n g  a n  
e f f i c i e n t  p u r i f i c a t i o n  p r o c e d u r e  w i t h o u t  e l e c t r o p h o r e s i s .  W e  h a v e  i n  t h e  
m a i n  s u c c e e d e d ,  i n  t h a t  w e  h a v e  a c h i z v e d  a  ~-xylosidase s p e c i f i c  a c t i v i t y  
s e c o n d  o n l y  t o  t h a t  T a k e n i s h i  e t  a l .  w i t h o u t  h a v i n g  t o  u s e  e l e c t r o p h o r e s i s  
t o  e l i m i n a t e  t h e  b u l k  o f  t h e  c o n t a m i n a t i n g  ~-glucosidase. 
0  
~-Xylosidase i n  s o l u b l e  f o r m  w a s  f o u n d  t o  b e  s t a b l e  u p  t o  6 5  C  o v e r  
a  n a r r s w  p H  r a n g e  b e t w e e n  4  a n d  4 . 5 .  I n  a  s h o r t  a s s a y  i t s  o p t i m u m  t e m p e r a t u r e  
w a s  7 0  C  a t  p H  4 .  T h e  m o r e  r i g o r o u s  s t a b i l i t y  s t u d i e s  c o n d u c t e d  h e r e  n a r r o w  
b u t  g e H e r a l l y  c o n f i r m  t h e  e a r l i e r  r e s u l t s  o f  C l a e y s s e n s  e t  a 1 .
2  
a n d  T a k e n i s h i  
e t  a l .  I t  r e m a i n s  t o  b e  s e e n  w h e t h e r  i m m o b i l i z a t i o n  e n h a n c e s  t h i s  a l r e a d y  
h i g h  s t a b i l i t y .  
--
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Table 1. Purification of S-xylosidase by (NH4 ) 2 so4 .precipitation and chromatography. 
Procedure Sample Volume Total Total Specific Yield Cumulative 
(ml) units* protein activity* (%) purification 
(g) (units/mg) 
Crude 15.6% Rhozyme 320 1400 13.7 0.102 100.0 1.00 
HP-150 
Centrifuga- Crude 308 1370 11.9 0.116 98.0 1.13 
tion supernatant 
Precipitation 0-95% sat'd 250 1280 8.34 0.153 91.3 1.50 
(NH4 ) 2so4 ppt. 
Supernatant 450 129 - - 9.2 
XM-lOOA Retentate 102 1340 4.15 0.322 95.4 3.14 N 
"' Ultrafiltra-
tion 
Sephadex G-150 Pooled eluent 1030 443 0.324 1.37 79.3** 13.4 
Gel filtration 
DEAE -Sephadex Pooled eluent 326 23.6 0.00593 3.99 57.2** 39.0 
A-25 Ion 
exchange 
* 
Assay employing 0.108mM p-nitrophenyl-8-D-xylopyranoside 
"'* Based on total enzyme 
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Figure 1. Elution pattern at 40 rnl loading and 100 rnl/hr from a 
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Figure 2. Elution pattern at pH 6.8, 25 ml loading, and 49.5 ml/hr 
from a 2.4 x 52 em DEAE-Sephadex A-25 column. 
I 
200 
0.3 l 0. 15 I 
E 
c: 
0 
CX) 
N 
0.2 :I: 0.10 1-
1- <X: (.9 w 
z u 
w z 0:: w 1- IXl V') 0:: 
u 0 
z 
V') 
IXl 
0 <X: 
o. 1- 0.05 z N 
w 00 
1-
0 
0:: 
a.. 
I I 
lo.o Jo.oo 
220 
29 
S-GLUCOS IDASE 
0.30 0.06 
0.25 0.05 
E 
:r: ~ 0.4 1-0.200 0.04 
1- z < w 
0.::: w 1- 0.03 u 0.3 0.15Vl z 
G\t\ .-- u w z en s\R~~ 0.::: 0.10 0 0 0.2 ,o¢'.,..;..- 0.02 Vl 
en 
< 
0.1 0.05 0.01 
0 0 0 30 40 60 70 80 90 100 
FRACTION NUMBER 
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IMMOBILIZATION OF INVERTASE TO CELLULOSE 
WITH CYANURIC CHLORIDE 
William J. Smith 
Department of Chemical Engineering and Nuclear Engineering 
Iowa State University 
Ames, Iowa 50011 
INTRODUCTION 
This work follows earlier research of Williams and Eliason into the 
use of enzyme bound to the inner walls of hollow fibers and subjected to 
laminar flow of substrate. This configuration is to be used as a tool to 
experimentally verify the theory of Katz,l who found a method to transform 
cup-mixed average concentrations at varying residence times into a plot of 
reaction rate vs. wall concentration, from which reaction kinetics could 
be deduced. Williams presented the theoretical basis for this project in 
the third symposium; 2 Eliason recounted Williams' results and indicated 
his own plans in the fourth.3 
Neither were able to fully solve the problem, because not enough of the 
enzyme, invertase, was immobilized to the walls of the tube to allow the 
reaction, in this case the hydrolysis of sucrose to glucose and fructose, 
to be controlled by reactant diffusion to the walls. This work, therefore, 
is an investigation of the factors affecting the immobilization of invertase 
to cellulose filter paper and cellulose acetate hollow fibers. 
EXPERIMENTAL 
Materials 
Invertase (Grade VI, Lot 55C-0098) from baker's yeast was purchased 
from Sigma. It had an activity of 220 U/mg, where 1 U was the amount of 
enzyme that would hydrolyze 1 ~mole of sucrose to glucose and fructose in 
1 min at pH 4.5 and 55°C. At pH 4;.5 and 25°C, the enzyme had a measured 
activity of 131 U/mg. Cyanuric chloride, practical grade, was purchased 
from Eastman and recrystallized from carbon tetrachloride. 
Whatman #1 filter paper and Dow cellulose acetate hollow fibers were 
employed as carriers for the enzyme. The latter were purchased from Bio-Rad 
as Bio-Fiber 20, and had a nominal permeation cutoff of 200 daltons. The 
fibers had an outer diameter of approximately 200 ~m and a wall thickness of 
approximately 25 ~m. They were cut into 25 em lengths, and each segment was 
threaded through three separate glass tubes, two at either end of 3 mm o.d., and 
a 5 mm o.d. tube in the middle to serve as an adjustable sleeve (Fig.l). Each 
end of the hollow fiber was then threaded part way through the male end of 
a stainless steel hypodermic needle. After sealing the end of the fiber in 
3 5  
p l a c e  i n  t h e  n e e d l e  t i p  w i t h  e p o x y  g l u e ,  t h e  t w o  n e e d l e s  c o n t a i n i n g  t h e  
f i b e r  a n d  t w o  o t h e r s ,  t o  p r o v i d e  a c c e s s  t o  t h e  s h e l l  s i d e ,  w e r e  s e a l e d  
i n  t h e  e n d s  o f  t h e  3  m m  t u b e s .  F i n a l l y ,  t h e  a d j u s t a b l e  s l e e v e  w a s  g l u e d .  
L i q u i d  f l o w  t h r o u g h  t h e  f e m a l e  e n d  o f  o n e  n e e d l e ,  t h e  h o l l o w  f i b e r ,  a n d  o u t  
t h e  f e m a l e  e n d  o f  t h e  o t h e r  n e e d l e  w a s  m a i n t a i n e d  w i t h  a  S a g e  M o d e l  3 5 5  
s y r i n g e  p u m p .  
A s s a y  o f  I m m o b i l i z e d  I n v e r t a s e  A c t i v i t y  
I n v e r t a s e  i m m o b i l i z e d  t o  f i l t e r  p a p e r  w a s  a s s a y e d  a t  r o o m  t e m p e r a t u r e  
b y  p l a c i n g  i t  i n  a  s h a k i n g  b e a k e r  c o n t a i n i n g  5 %  s u c r o s e  i n  O . l M  c i t r a t e  
b u f f e r  a t  t h e  d e s i r e d  p H .  T h e  g l u c o s e  c o n c e n t r a t i o n  i n  s a m p l e s  w i t h d r a w n  
f r o m  t h e  b e a k e r  a f t e r  1 0 - 4 0  m i n  w a s  d e t e r m i n e d  w i t h  a  B e c k m a n  M o d e l  E R A - 2 0 0 1  
G l u c o s e  A n a l y z e r ,  a f t e r  s u f f i c i e n t  t i m e  w a s  a l l o w e d  f o r  m u t a r o t a t i o n  t o  p r o c e e d  
t o  c o m p l e t i o n .  
I m m o b i l i z a t i o n  o f  I n v e r t a s e  t o  F i l t e r  P a p e r  
I n v e r t a s e  w a s  i m m o b i l i z e d  b y  m o d i f i c a t i o n s  o f  t h e  m e t h o d  o f  S m i t h  a n d  
L e n h o f f . 4  F i l t e r  p a p e r  d i s c s  w e r e  c u t  i n t o  w e d g e s  a n d  t r e a t e d  f o r  1 5  m i n  a t  
r o o m  t e m p e r a t u r e  w i t h  3 N  N a O H .  A f t e r  p a r t i a l  r e m o v a l  o f  t h e  N a O H  b y  c e n t r i -
f u g a t i o n ,  p r e s s i n g ,  b l o t t i n g ,  o r  d r i p  d r y i n g ,  t h e  s w e l l e d  p a p e r  w a s  s u s p e n d e d  i n  
a  m i x t u r e  c o n t a i n i n g  5 %  c y a n u r i c  c h l o r i d e  i n  e q u a l  w e i g h t s  o f  d i o x a n e  a n d  
x y l e n e  f o r  3 0  m i n  a t  r o o m  t e m p e r a t u r e .  T h e  a c t i v a t e d  p a p e r  w a s  w a s h e d  t w i c e  
w i t h  d i o x a n e ,  o n c e  w i t h  a  1 : 1 : 2  w / w / w  a c e t i c  a c i d - w a t e r - d i o x a n e  m i x t u r e ,  
a n d  s e v e r a l  t i m e s  w i t h  w a t e r .  U n l i k e  t h e  p u b l i s h e d  p r o c e d u r e ,  t h e  m a t e r i a l  
w a s  n o t  d r i e d  a f t e r  a c t i v a t i o n .  
S o l u t i o n s  c o n t a i n i n g  2 . 5 - 5  m g / m l  i n v e r t a s e  w e r e  c o n t a c t e d  w i t h  t h e  
a c t i v a t e d  p a p e r  i n  r a t i o s  o f  0 . 5 - 1  g  e n z y m e / g  p a p e r  f o r  p e r i o d s  o f  2 . 5 - 3  h r  
a t  r o o m  t e m p e r a t u r e  a n d  p H ' s  b e t w e e n  2  a n d  5 .  T h e  i m m o b i l i z e d  e n z y m e  w a s  
w a s h e d  a t  l e a s t  t e n  t i m e s  w i t h  1 M  N a C l .  
R E S U L T S  A N D  D I S C U S S I O N  
T h e  m e t h o d  o f  r e m o v i n g  N a O H  f r o m  t h e  s w e l l e d  p a p e r ,  s o  t h a t  c y a n u r i c  
c h l o r i d e ,  w h i c h  i s  i n s o l u b l e  i n  N a O H ,  c o u l d  c o n t a c t  t h e  p a p e r ,  h a d  a n  e f f e c t  
o n  t h e  f i n a l  a c t i v i t y  o f  i m m o b i l i z e d  i n v e r t a s e  ( F i g .  2 ) .  P r e s s i n g  t h e  
p a p e r  w i t h  a  s p a t u l a  w h e n  i t  w a s  s a n d w i c h e d  b e t w e e n  t w o  p a p e r  t o w e l s  w a s  
m o s t  e f f e c t i v e  ( e v e n  t h o u g h  i n  t h i s  c a s e  i n v e r t a s e  w a s  o f f e r e d  i n  t w i c e  t h e  
c o n c e n t r a t i o n  u s e d  o t h e r w i s e ) ;  p r o b a b l y  b e c a u s e  i t  c a u s e d  t h e  g r e a t e s t  
r e m o v a l  o f  N a O H  w i t h o u t  c a u s i n g  s h r i n k a g e  o r  r e c r y s t a l l i z a t i o n  o f  t h e  
c e l l u l o s e .  B l o t t i n g  b y  h a n d ,  c e n t r i f u g i n g  a t  4 0 0 0  r p m  f o r  1 0  m i n ,  a l l o w i n g  
t h e  p a p e r  t o  d r i p  u n t i l  i t  w a s  m o i s t ,  a n d  u s i n g  n o  s p e c i a l  m e t h o d  t o  r e m o v e  
N a O H  b e f o r e  t h e  d i o x a n e - x y l e n e  w a s h  w e r e  a l l  l e s s  e f f e c t i v e .  H o w e v e r ,  s i n c e  
n o n e  o f  t h e s e  t e c h n i q u e s  c a n  b e  u s e d  w i t h  h o l l o w  f i b e r s ,  i t  a p p e a r s  t h a t  
a n  e x t e n d e d  d i o x a n e - x y l e n e  w a s h  a l o n e  w i l l  h a v e  t o  b e  e m p l o y e d  t o  r e m o v e  
N a O H .  
A  s e c o n d  m o d i f i c a t i o n  t h a t  w a s  h i g h l y  e f f e c t i v e  i n  i n c r e a s i n g  t h e  
a c t i v i t y  o f  i n v e r t a s e  i m m o b i l i z e d  t o  h o l l o w  f i b e r s  w a s  t o  e l i m i n a t e  t h e  d r y i n g  
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of the activated paper between the time it was washed and when it was contacted 
with enzyme. In the most extreme case, when the swollen paper was pressed 
dry, activities of immobilized invertase increased well more than an order 
of magnitude over those obtained by Eliason,3 who followed the published 
procedure of Smith and Lenhoff4 (Fig. 2). Again, however, this does not 
lead to an increase of activity on the hollow fibers, since they cannot 
be dried in any case without cracking. The fraction of invertase activity 
retained after immobilization on filter paper was always low, no matter 
what binding pH was employed (Fig. 3). Because of the scatter of data, 
it is unclear whether varying the binding pH between 2 and 5 had a significant 
effect on the amount or activity of immobilized invertase. 
Considering that the great increases in immobilized invertase activity 
on filter paper obtained by small modifications of the binding method are 
not transferrable to immobilization on hollow fibers, the one straightforward 
method available to increase the activity sufficiently to cause the reaction 
to be limited by substrate diffusion rather than reaction kinetics is to 
increase the temperature. Because the activation energy for the reaction 
rate is far greater than that of diffUsion, at higher temperatures the reaction 
is more likely to be limited by diffusion. 
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Fig. 3. Percentage of invertase activity immobilized on filter paper 
compared to that disappearing from binding supernatent. Filter 
paper had been pressed dry to remove NaOH. 
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PURIFICATION AND PROPERTIES OF DEXTRANSUCRASE 
Yah Eric Chen and Hossein Kaboli 
Department of Chemical Engineering and Nuclear Engineering 
Iowa State University 
Ames, Iowa 500ll 
INTRODUCTION 
A study of the properties of dextransucrase is of interest for two 
reasons: it is one of the few enzymes that can catalyze a polymeriza-
tion without using a substrate that had been previously activated, and 
its action is exactly the opposite of other carbohydrases, in that it 
forms a polymer (dextran) from a sugar (sucrose) rather than vice-versa. 
Because of this, the effect of slow pore diffusion of the product rather 
than the substrate can be studied. 
The use of immobilized dextransucrase to produce dextran is of 
potential commercial use. Currently dextran is produced by batch bacterial 
fermentation, where the bacteria are inoculated into a suitable medium, 
and grow and excrete extracellular dextransucrase, which catalyzes the 
production of dextran. 
It is quite possible that dextran could be more cheaply produced by 
the use of immobilized dextransucrase, in that the enzyme could be reused, 
reudcing the requirements of medium and fermentation equipment to pro-
duce cells and enzyme. Substitution of immobilized dextransucrase for 
batch fermentations will take place only if it can be shown that a sat-
isfactory method to obtain the enzyme in at least medium purity and high 
yield is possible, and if the enzyme could be immobilized to a carrier 
with high retention of activity and high stability. The object of this 
project, therefore, is to work out methods of purifying and immobilizing 
dextransucrase in high yield so that a stable form of the enzyme is 
obtained. 
PREVIOUS WORK 
Dextrans, which are used in polymer separation gels, blood plasma 
volume expanders, drilling muds, and pharmaceuticals, are synthesized 
from sucrose by bacteria of the genera Leuconostoc, Streptococcus, and 
~ctobacillus. In addition, Acetobacter capsulatum ayd Acetobacter 
viscosum produce dextran from starch-derived dextrins • 
Dextran is the collective name of a large class of extracellular 
polysaccharides, where molecules of glucose are linked to each other 
primarily with a-(1~6) bonds. The structures and properties of the 
individual de~trans show gradational variations extending over wide ranges. 
Jeanes et al. have characterized and classified dextrans from ninety-
six strains of bacteria. 
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T h e  o v e r a l l  r e a c t i o n  i n  t h e  p r o d u c t i o n  o f  d e z t r a n  f r o m  s u c r o s e  w i t h  
d e x t r a n s u c r a s e  i s  s h o w n  i n  t h e  f o l l o w i n g  e q u a t i o n  :  
n C 1 2 H 2 2 0 1 1 - +  ( C 6 H l 0 0 5 ) n  +  n C 6 H l 2 0 6  
s u c r o s e  d e x t r a n  f r u c t o s e  
T h e  m e c h a n i s m  o f  t h e  r e a c t i o n  i n v o l v e s  a n  e n z y m e - c a t a l y z e d  t r a n s f e r  
o f  t h e  g l u c o s y l  m o i e t y  f r o m  a  s u c r o s e  m o l e c u l e  t o  a  g r o w i n g  c h a i n  m o l e -
c u l e  o f  d e x t r a n ,  w i t h  l i b e r a t i o n  o f  o n e  m o l a r  e q u i v a l e n t  o f  f r u c t o s e .  
P u r i f i c a t i o n  
T h o s e  w h o  h a v e  p u r i f i e d  d e x t r a n s u c r a s e  h a v e  w o r k e d  m a i n l y  w i t h  t h e  
e n z y m e  f r o m  S t r e p t o c o c c u s  a n d  L e u c o n o s t o c .  T h e  e n z y m e  f r o m  ~· b o v i s  w a s  
i s o l a t e d  b y  a d d i t i o n  o f  ( N H
4
)
2
s o
4
,  w h i c h  f o r m e d  a  p r e c i p i 3 a t e  f r o m  c e l l -
f r e e  f l u i d s  o f  t h i s  b a c t e r i u m  g r o w n  o n  s u c r o s e  o r  g l u c o s e  •  I n  1 9 6 3  
d e x t r a n s u c r a s e  f r o m  ~· s a n g u i s  w a s  c o n c e n t r a t e d  b y  c o n c e n t r a t i o n - g r a d i e n t  
e l u t i o n  w i t h  p H  7 . 6  p h o s p h a t e  b u f f e r  f r o m  H y f l o  s u p e r c e l ,  C H  C l  t r e a t -
m e n t ,  g r a d u a l  f r a c t i o n a !  p r e c i p i t a t i o n  w i t h  s a t u r a t e d  ( N H
4
)
2
S o
4  
a t  4  ° C ,  
a n d  f i n a l l y  b y  d i a l y s i s  •  T h e  c o n c e n t r a t e d  p r e p a r a t i o n s  w e r e  m i x t u r e s  
o f  5 - 7  p r o t e i n s  s e p a r a b l e  b y  p a p e r  e l e c t r o p h o r e s i s .  T h e  e n z y m e  f r o m  
S t r e } t o c o c c u s  F A - 1  w a s  i s o l a t e d  b y  c e n t r i f u § i n g  t h e  m e d i u m ,  a d d i n g  
( N H
4  
2
s o
4
,  c e n t r i f u g i n g  a g a i n ,  a n d  d i a l y s i s  •  T h e  s o l u t i o n  w a s  t h e n  
f r e e z e - d r i e d  a n d  f u r t h e r  p u r i f i e d  b y  r e p e a t e d  p r e c i p i t a t i o n  w i t h  e t h a n o l .  
I n  1 9 6 9 ,  d e x t r a n s u c r a s e  from~· s a n g u i s  8 0 4  w a s  is~lated f r o m  t h e  s u p e r -
n a t a n t  f l u i d  o f  a  g l u c o s e - c o n t a i n i n g  b r o t h  c u l t u r e  •  P u r i f i c a t i o n  o f  t h i s  
c o n s t i t u t i v e  e n z y m e  w a s  a c h i e v e d  i n  t w o  s t e p s  b y  a d s o r p t i o n  o n  h y d r o x y l a p a t i t e  
f o l l o w e d  b y  i s o e l e c t r i c  f o c u s i n g  a n d  f r a c t i o n a t i o n .  T h i s  r e s u l t e d  i n  a  
4 0 0 • f o l d  p u r i f i c a t i o n  o f  t h e  e n z y m e  i n  a p p r o x i m a t e l y  1 5 %  y i e l d .  R e c e n t l y ,  
t h e  e n z y m e  f r o m  c e l l - f r e e  c u l t u r e  s u p e r n a t a n t s  o f  ~· m u t a n s  s t r a i n  
6 7 1 5  w a s  p u r i f i e d  a p p r o x i m a t e l y  1 5 0 0 - f o l d  w i t h  1 3 %  y i e l d  b y  ( N H  )
2
s o
4  
p r e 7 i p i t a t i o n ,  h y d r o x y l a p a t i t e  c h r o m a t o g r a p h y ,  a n d  i s o e l e c t r i c  ~ocus-
i n g  •  D e x t r a n s u c r a s e  w a s  e l u t e d  a s  a  s i n g l e  p e a k  o f  a c t i v i t y  f r o m  h y d r o -
x y l a p a t i t e ,  a n d  i s o e l e c t r i c  f o c u s i n g  o f  t h e  r e s u l t i n g  p r e p a r a t i o n  a t  
p H  4 . 0  g a v e  a  s i n g l e  b a n d  o f  t h e  e n z y m e .  D e x t r a n s u c r a s e  w a s  a l s o  p u r i -
f i e d  f r o m  t h e  c u l t u r e  f l u i d s  o f  ~· m u t a n s  s t r a i n  H S - 6  b y  c h r o m a t o g r a p h y  
o n  S e p h a r o s e  6 B  a n d  dieth~laminoethyl ( D E A E ) - c e l l u l o s e  f o l l o w e d  b y  t r e a t -
m e n t  w i t h  h y d r o x y l a p a t i t e  •  T h e  e n z y m e  t h e n  g a v e  a  s i n g l e  b a n d  w h e n  
a n a l y z e d  b y  e i t h e r  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  o r  i m m u n o -
d i f f u s i o n .  
I n  1 9 5 7
9
t h e  e n z y m e  f r o m  B e t a c o c c u s  a r a b i n o s a c e o u s  ( B i r m i n g h a m  s t r a i n )  
w a s  i s o l a t e d  .  T h e  c u l t u r e  g a v e  a  g u m m y  p r e c i p i t a t e  u p o n  a d d i t i o n  o f  
2 5 %  a l c o h o l .  A f t e r  c e n t r i f u g i n g  o n e  h o u r ,  d i s s o l v i n g  i n  c i t r a t e  b u f f e r ,  
a n d  r e p r e c i p i t a t i n g  w i t h  2 5  v o l .  %  a l c o h o l ,  t h e  e n z y m e  w a s  d i s s o l v e d  i n  
w a t e r  a n d  l y o p h i l i z e d .  
H e h r e
1 0  
p u r i f i e d  L .  m e s e n t e r o i d e s  N R R L  B - 5 1 2  d e x t r a n s u c r a s e  b y  
a d d i n g  a m m o n i u m  s u l f a t e  a n d  w a s h i n g  t h e  p r e c i p i t a t e  t h r e e  t i m e s  w i t h  
h a l f - s a t u r a t e d  a m m o n i u m  s u l f a t e  i n  0 . 1 %  a c e t i c  a c i d ,  b e f o r e  e x t r a c t i n g  
i t  w i t h  p H  6 . 3  c i t r a t e  b u f f e r .  T h e  e n z y m e  f r o m  t h e  s a m e  s t r a i n  w a s  
p u r i f i e d  8 2 - f o l d  w i t h  5 1 %  y i e l d  b y  p r e c i p i t a t i o n  w i t h  m e t h y l  a l c o h o l  a n d  
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(NH4) 2so4 , adsorption on calcium phosphate gel, and ultracentrifugation
11
• 
The L. mesenteroides lAM 1046 enzyme was purified 24 to 56 times in 15% 
yield by salting ~~t with (NH4) 2so4 , followed by column chromatography 
on DEAE-ce1lulose • 
Immobilization 
The enzyme from Leuconostoc mesenteroides has been immobilized on 
anion exi~ange resin (e.g., DEAE-cellulose, TEAE-cellulose, DEAE-Sephadex) 
by Ogino • 1· mesenteroides was cultured on a nutrient medium containing 
sucrose for 12 - 15 hours and the cell-free broth was adsorped onto an 
exchange resin, which was then removed from the column and was repeatedly 
used as an immobilized enzyme to synthesize polysaccharides. 
Robyt et al. also14mmobilized this enzyme by covalently attaching it to Bio-Gel P2 beads • They added the beads to ethylenediamine, stirred, 
heated, filtered, washed with water, added glutaraldehyde, and washed 
again. Then the gel was added to a pH 5 buffered solution of dextransu-
crase and stirred. The enzyme-gel was centrifuged and washed five times 
by centrifuging with pH 5 buffer. The gel assayed at 30-150 U/g of gel. 
EXPERIMENTAL METHODS AND RESULTS 
Enzyme Production 
Dextransucrase was produced from Leuconostoc mesenteroides NRRL 
B-512F. Test tubes containing 15 ml of medium consisting of 2% sucrose, 
0.5% Difco yeast extract, 0.5% Difco Bacto-peptone, 2% K2HP04 , 0.02% Mgso4 •7H2o, and 0.001% each of Mnso4 ·H2o, NaCl, and Feso4 ·7H2ol5 were inoculated from agar slants of the same composition. After one or two 
days at room temperature, 5 ml portions were added to flasks with 100 ml 
of the same medium. The inoculum was shaken for 14 hr at room temperature, 
then added to 5 liters each of the same medium in three 7-liter New 
Brunswick fermentors in a water bath assembly. The pH at the beginning 
of the fermentation was 6.9. After it dropped to 5.0 it was main-
tained at that level or slightly above with O.lM H2so4 or Na2co3. After 14.5 hr at room temperature the cell concentration an~ activity 
reached a maximum and the fermentation was stopped. The broth was 
centrifuged in a Type M-308G-35 Sharples centrifuge and the supernatant, 
which had an activity of 0. 865 U/ml, was stored at 4 °C. 
Enzyme Purification 
Three liters of supernatant was concentrated to 115 ml with an Amicon 
402 ultrafilter containing an XM-lOOA membrane. To a 4.8 x 120 em column 
packed with LKB Ultrogel AcA 34 was added 100 ml of this concentrate. 
The column had been previously equilibrated with 0.05M sodium acetate 
buffer at pH 5.0, and was eluted with the same solution at 1 ml/min. 
Because dextransucrase aggregates easily, it is mainly found near the void 
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v o l u m e ,  w h i l e  m o s t  o f  t h e  p r o t e i n  i s  e l u t e d  m u c h  l a t e r  ( F i g .  1 ) .  B o t h  
p u r i f i c a t i o n  s t e p s  w e r e  c o n d u c t e d  a t  4  ° C ;  a  s u m m a r y  o f  t h e  r e s u l t s  
a p p e a r s  i n  T a b l e  1 .  
E n z y m e  A s s a y  
D e x t r a n s u c r a s e  a c t i v i t y  w a s  a s s a y e d  b y  ~~a~~ring t h e  p r o d u c t i o n  o f  
r e d u c i n g  s u g a r s  b y  t h e  S o m o g y i - N e l s o n  m e t h o d  '  •  A  m i x t u r e  o f  1  m l  
2 0 %  s u c r o s e ,  0 . 5  m l  0 . 2 M  a c e t a t e  b u f f e r  a t  p H  5 . 2 ,  a n d  0 . 5  m l  e n z y m e  
s o l u t i o n  a n d  d i s t i l l e d  w a t e r  w a s  i n c u b a t e d  a t  3 0  ° C  f o r  1 5 - 3 0  m i n ,  w i t h  
t h e  a m o u n t  o f  e n z y m e  a n d  i n c u b a t i o n  t i m e  c h o s e n  s o  t h a t  t h e  a c t i v i t y  
w a s  p r o p o r t i o n a l  t o  b o t h .  A f t e r  t h e  i n c u b a t i o n ,  2  m l  o f  S o m o g y i ' s  r e a g e n t  
w a s  a d d e d  a n d  t h e  m i x t u r e  b o i l e d  f o r  1 0  m i n .  A f t e r  c o o l i n g ,  a d d i t i o n  
o f  1 0  m l  N e l s o n ' s  reagen~ a n d  s h a k i n g  f o r  1 0  m i n ,  t h e  r e s u l t i n g  o p t i c a l  
d e n s i t y  w a s  d e t e r m i n e d  a t  5 0 0  n m  w i t h  a  B e c k m a n  D U  s p e c t r o p h o t o m e t e r  
m o d i f i e d  w i t h  a  G i l f o r d  M o d e l  2 5 2  u p d a t e  s y s t e m .  O n e  u n i t  o f  a c t i v i t y  
w a s  t h a t  a m o u n t  o f  e n z y m e  t h a t  l i b e r a t e d  1  ~ole o f  r e d u c i n g  s u g a r  i n  1  
m i n .  
P r o t e i n  w a s  d e t e r m i n e d  b y  L o w r y ' s  m e t h o d
1 8
,  u s i n g  b o v i n e  s e r u m  
a l b u m i n  a s  s t a n d a r d .  
B e c a u s e  r e d u c i n g  s u g a r s  o t h e r  t h a n  f r u c t o s e  c o u l d  b e  l i b e r a t e d  b y  
c o n t a m i n a t i n g  e n z y m e s ,  s u c h  a s  i n v e r t a s e  a n d  l e v a n s u c r a s e ,  t h e  a m o u n t  o f  
g l u c o s e  a f t e r  p r o l o n g e d  i n c u b a t i o n  w a s  d e t e r m i n e d  w i t h  a  M o d e l  E R A - 2 0 0 1  
B e c k m a n  G l u c o s e  A n a l y z e r .  E n z y m e  s o l u t i o n s  a t  v a r i o u s  s t a g e s  o f  p u r i f i -
c a t i o n  g e n e r a l l y  p r o d u c e d  l e s s  t h a n  3 %  o f  t h e i r  t o t a l  r e d u c i n g  s u g a r  a s  
g l u c o s e ,  w i t h  n o  c l e a r  t r e n d  a p p e a r i n g  a s  p u r i f i c a t i o n  p r o c e e d e d .  T h i s  
i n d i c a t e d  t h a t  t h e  l e v e l  o f  c o n t a m i n a t i o n  w a s  v e r y  l o w ,  s i n c e  t o  r e a c h  
t h e  r a n g e  o f  t h e  G l u c o s e  A n a l y z e r ,  t h e  i n c u b a t i o n  w a s  s o  l o n g  t h a t  p r o -
d u c t i o n  o f  r e d u c i n g  s u g a r s  w a s  n o  l o n g e r  p r o p o r t i o n a l  t o  t i m e .  
T h e  n u c l e i c  a c i d  c o n t e n t s  ~§ t u b e s  2 4 - 3 7  a n d  3 8 - 5 7  w e r e  d e t e r m i n e d  
b y  t h e  W a r b u r g - C h r i s t i a n  m e t h o d  t o  b e  7 . 4 %  a n d  3 . 6 % ,  r e s p e c t i v e l y ,  o f  
t h e  t o t a l  p r o t e i n  a n d  n u c l e i c  a c i d ,  a t  l e a s t  p a r t i a l l y  e x p l a i n i n g  h o w  
t h e  f i r s t  p o o l  c o u l d  h a v e  h i g h e r  s p e c i f i c  a c t i v i t y  t h o u g h  i t s  a b s o r b e n c e  
a t  2 8 0  n m  w a s  m u c h  h i g h e r .  
E f f e c t  o f  p H  o n  E n z y m e  A c t i v i t y  
D e x t r a n s u c r a s e  t h a t  h a d  b e e n  f r e e z e - d r i e d  a n d  t h e n  p u r i f i e d  b y  
p a s s a g e  t h r o u g h  a n  A c A  3 4  g e l  f i l t r a t i o n  c o l u m n  w a s  a s s a y e d  a t  3 0  ° C  
a n d  s e v e r a l  d i f f e r e n t  p H ' s .  T h e  o p t i m u m  p H  w a s  5 . 2  ( F i g .  2 ) .  
E f f e c t  o f  T e m p e r a t u r e  o n  E n z y m e  A c t i v i t y  
D e x t r a n s u c r a s e  t h a t  h a d  b e e n  p u r i f i e d  a s  a b o v e  w a s  a s s a y e d  a t  p H  
5 . 2  a n d  v a r y i n g  t e m p e r a t u r e s .  I n  a  3 0  m i n  a s s a y  m o r e  f r u c t o s e  w a s  
p r o d u c e d  a t  3 0  ° C  t h a n  a n y  o t h e r  t e m p e r a t u r e  ( F i g .  3 ) .  F r o m  1 5  t o  3 0 ° c  
t h e  a c t i v a t i o n  e n e r g y  w a s  8 . 2  k c a l / m o l e .  
- - - - - - ·  · - - -
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Effect of Temperature on Enzyme Stability 
Enzyme purified by ultrafiltration and gel permeation chromatography 
(pool of tubes 24-37) was incubated at pH 4.9 and varying temperatures in 
0.05M acetate buffer. At different times samples were withdrawn and 
assayed at pH 4.9, but otherwise as described previously. 
Decay was first-order initially for temperatures between 27.5 and 
35 °C (Fig. 4). However, a deviation towards less rapid decay was 
noted at all temperatures below 35 °C, the deviation occurring at suc-
cessively higher values of enzyme activity as the incubation temperature 
decreased. 
Effect of pH on Enzyme Stability 
After it was determined that substituting Tria-citrate buffer for 
acetate did not change the activity or stability of dextransucrase, the 
former was used to test the stability of the enzyme over a broad pH 
range. Dextransucrase purified by ultrafiltration and gel permeation 
chromatography (pool of tubes 24-37) was concentrated 10-fold with an 
XM-lOOA membrane in an Amicon 402 ultrafilter and then diluted 20-fold 
with Tris-citrate buffer of varying pH's. The mixture was incubated 
at 27.5 °C, and samples were withdrawn periodically to be assayed at pH 
5.0, but otherwise by the normal procedure. Initial activity was 0.77 
U/ml. 
After rapid initial decay, which was usually completed within 100 min, 
but required as little as 10 min at low pH's, the activity reached 
a constan2+level dependent on the incubation pH (Table 2). Adding up 
to lmM Ca had no effect on the stability of dextransucrase. 
DISCUSSION 
The purification procedure y~tlined here, which is similar to that 
developed independently by Robyt , achieves high purification of dex-
transucrase in high yield in just two steps. Previous methods could ob-
tain substantial purification, but in much lower yield, and often with 
more steps. High yields were possible because ion-exchange chromatography 
and (NH4) 2so4 precipitation, both of which were shown in preliminary work to result in low yields, were avoided. 
Deviation of the 1· mesenteroides enzyme from first-order decay had not 
been reported previously. This may be caused ~~ especially rapid deactiva-
tion of the enzyme found in smaller aggregates • The two-phase decay ob-
served here is similar to that found with ~-amylase, but the relative dif-
ference in the initial and final half-lives is much greater in the case 
of dextransucrase. 
The opt~m~-2'mperature and pH determined here confirm previous 
observations ' • 
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Table 1. Purification of dextransucrase. 
Original fermentation 
supernatant 
Amicon ultrafiltra-
tion (XM-lOOA) 
AcA 34 gel column 
Tubes 24-37 
Tubes 38-57 
Total of Tubes 24-57 
Volume, 
mR. 
3,000 
115 
340 
485 
825 
Activity, 
U/mR. 
0.865 
17 
3.02 
0.91 
1.77 
Total 
Activity, U 
2,595 
1955 
' 
lp26 
441 
1~63 
Protein 
Cone. .H.& 
' mR. 
2613 
' 
7,498 
22.8 
11.1 
15.9 
Specific 
u Act., -
mg 
0.331 
2.267 
132.3 
82 
111.3 
Purification 
Factor 
1 
6.85 
399 
247 
336 
Enzy::Je 
Yield, % 
100 
75.3 
64.5 
~ 
00 
Table 2. 
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Effect of pH on residual activity of soluble dextransucrase 
at 27.5 °C. 
.E!! Residual Activity, U/ml 
3.15 0.06 
3.6 0.09 
4.1 0.055 
4.58 0.3 
5.04 0.45 
5.57 0.55 
6.04 0.6 
6.48 0.55 
6.85 0.38 
Initial activity = 0.77 U/ml 
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Fig. 1. Purification of dextransucrase with a 4.9 x 110 em U1trogel AcA 34 column eluted 
with 1 m1/min O.OSM acetate at pH 5.2. 
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t 112 = 145 min 
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0 30.0 c 
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Fig. 4. Effect of temperature on stability of soluble dextransucrase 
at pH 4.9. 
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PROPERTIES OF IMMOBILIZED ~-AMYLASE 
Clarence C. Ron 
Department of Chemical Engineering and Nuclear Engineering 
Iowa State University 
Ames, Iowa 50011 
INTRODUCTION 
The use of immobilized ~-amylase in the production of syrups high 
in maltose concentration is an attractive proposition, for the product 
is one desired by industry and pure ~-amylase is an expensive enzyme, 
especially when employed in soluble form. Currently high-maltose 
syrups are produced by using a mixture of fungal amylases with glucoamylase. 
The chief object of this project is to immobilize ~-amylase as a 
means to increase its stability and to prevent its being lost with the 
product. Pure enzyme is used so that the properties of related enzymes 
that produce maltose do not interfere. 
~-Amylase has been immobilized several times before (Table 1), but 
only Pitcher (unpublished research) has attached it to porous glass or 
silica. Though the enzyme may be obtained from many sources, the two 
most commonly employed are barley malt and sweet potato, the same two 
used for all previous immobilization attempts. 
MATERIALS AND METHODS 
Enzyme Immobilization 
0 
To Corning alkylamine porous silica of 30-45 mesh and 400 + 10% A 
at room temperature under aspirator vacuum was added 2.5% glutaraldehyde 
(25% glutaraldehyde diluted with O.lM sodium phosphate buffer at pH 7). 
After 2 hr the activated carrier was washed with distilled water, and 5 g 
Wallerstein barley malt ~-amylase (Ref. No. 1013-2) of 37.2 u/mg was 
added after the carrier had been slurried with approximately 50 ml 
O.lM sodium phosphate buffer at pH 7. After 24 hr5at 4 °C, 50% of the 
original protein, as measured by Lowry's technique , and 60% of the 
activity in the solution had disappeared. The bound enzyme was washed 
several times in distilled water and then stored in it at 4 °C for pro-
longed periods without measurable deactivation. Of the protein that 
was taken up by the carrier, 25% remained active, yielding a total activity 
of 9.4 U/mg of immobilized protein at 35 oc and pH 4.8 in 0.02M acetate. 
5 5  
A n a l y t i c a l  
A c t i v i t y  o f  s o l u b l e  ~-amylase w a s  a s s a y e d  a t  3 5  ° C  a n d  p H  4 . 8  i n  
0 . 0 2  M  a c e t a t e  b u f f e r  b y  m e a s u r i n g  t h e  c o n v e r s i o n  o f  3 5  w t . %  D E  1 5  
d e x t r i n  ( G r a i n  P r o c e s s i n g  M a l t r i n  1 5 )  t o  m a l t o s e .  T h e  e x t e n t  o f  r e a c t i o n  
w a s  m a i n t a i n e d  a t  a  s u f f i c i e n t l y  l o w  l e v e l  t h a t  t h e  a m o u n t  o f  m a l t o s e  
p r o d u c e d  w a s  p r o p o r t i o n a l  t o  b o t h  t h e  t i m e  o f  t h e  a s s a y  a n d  t h e  a m o u n t  
o f  e n z y m e  e m p l o y e d .  
T h e  i m m o b i l i z e d  e n z y m e  w a s  a s s a y e d  a f t e r  p a c k i n g  2 - 3  m l  i n t o  a  
d i f f e r e n t i a l  r e a c t o r .  D e x t r i n  f e e d  d e s c r i b e d  p r e v i o u s l y  w a s  p u m p e d  a t  
1 7  m l / m i n  t o  t h e  r e a c t o r  w i t h  a  p e r i s t a l t i c  p u m p  f r o m  a  s t i r r e d  r e s e r v o i r  
t h r o u g h  a  c o i l ,  b o t h  s u b m e r g e d  i n  t h e  s a m e  w a t e r  b a t h  a s  t h e  r e a c t o r ,  
t h o u g h  a t  5 5  ° C  a n d  b e l o w  t h e  r e s e r v o i r  w a s  n o t  s t i r r e d  n o r  t h e  c o i l  
e m p l o y e d .  A t  t h e  f l o w  r a t e  m a i n t a i n e d  i n  t h i s  w o r k  t h e  a v e r a g e  r e s i d e n c e  
t i m e  i n  t h e  r e a c t o r ,  n e g l e c t i n g  v o i d  v o l u m e ,  w a s  7 - 1 0  s e c  a n d  t h e  s u p e r -
f i c i a l  v e l o c i t y  w a s  s u f f i c i e n t l y  h i g h  t o  p r e v e n t  f i l m  d i f f u s i o n  l i m i t a t i o n .  
B y  r e c y c l i n g  t h e  p r o d u c t  t o  t h e  r e s e r v o i r  w h i l e  k e e p i n g  a l l  o t h e r  
c o n d i t i o n s  c o n s t a n t ,  i t  w a s  d e t e r m i n e d  t h a t  a  c o n s t a n t  r e a c t i o n  r a t e  
w a s  m a i n t a i n e d  u p  t o  a t  l e a s t  2 0 %  c o n v e r s i o n  o f  t h e  d e x t r i n  t o  m a l t o s e .  
T h e  ~-amylase e m p l o y e d  h e r e  w a s  f r e e  o f  o t h e r  a m y l a s e s ,  a s  e s s e n t i a l l y  
n o  g l u c o s e  w a s  f o r m e d  i n  a n y  o f  t h e  r e a c t i o n s .  
R e l a t i v e  a m o u n t s  o f  g l u c o s e ,  m a l t o s e ,  m a l t o t r i o s e ,  a n d  h i g h e r  
o l i g o s a c c h a r i d e s  w e r e  m e a s u r e d  w i t h  a  W a t e r s  A L C  2 0 1  l i q u i d  c h r o m a t o g r a p h  
d o n a t e d  b y  C o r n i n g  G l a s s  W o r k s .  T h e  c o l u m n  w a s  a  2  f t  l o n g ,  3 / 8  i n .  i . d .  
j a c k e t e d  s t a i n l f s s  s t e e l  t u b e  p a c k e d  w i t h  B i o - R a d  Q - 1 5 S  c a t i o n  e x c h a n g e  
r e s i n  i n  t h e  N a  f o r m ,  t h r o u g h  w h i c h  1  m l / m i n  w a t e r  w a s  p u m p e d .  T h e  
c o l u m n  w a s  m a i n t a i n e d  a t  8 5  ° C  a n d  t h e  o p t i c s  a t  3 4  ° C  w i t h  t w o  H a a k e  
c i r c u l a t i n g  w a t e r  b a t h s .  S a m p l e s  o f  6  ~1 w e r e  u s e d .  T h e  p e a k s  w e r e  
i n t e g r a t e d  w i t h  a n  I n f o t r o n i c s  M o d e l  C R S - 2 0 4  a u t o m a t i c  d i g i t a l  i n t e g r a t o r  
( C o l u m b i a  S c i e n t i f i c ,  A u s t i n ,  T e x a s ) .  A  u n i t  o f  a c t i v i t y  w a s  d e f i n e d  
a s  t h e  a m o u n t  o f  s o l u b l e  o r  i m m o b i l i z e d  ~-amylase t h a t  p r o d u c e d  1  ~ole 
o f  m a l t o s e  p e r  m i n  f r o m  d e x t r i n  u n d e r  t h e  c o n d i t i o n s  o f  t h e  a s s a y .  
R E S U L T S  
E f f e c t  o f  T e m p e r a t u r e  o n  A c t i v i t y  
I m m o b i l i z e d  ~-amylase a c t i v i t y  a t  p H  4 . 8  f o l l o w s  a n  A r r h e n i u s  r e l a -
t i o n s h i p  b e t w e e n  3 0  a n d  6 5  ° C  ( F i g .  1 ) ,  w i t h  a n  a c t i v a t i o n  e n e r g y  o f  
7 . 6  k c a l / m o l e .  A b o v e  6 5  ° C  t h e  a c t i v i t y  e x t r a p o l a t e d  b a c k  t o  z e r o  e x p o -
s u r e  t i m e  d e c r e a s e d  r a p i d l y .  
E f f e c t  o f  p H  o n  A c t i v i t y  
A t  4 5  a n d  6 5  ° C  w i t h  0 . 0 2 M  b u f f e r ,  i m m o b i l i z e d  ~-amylase h a d  a p p r e -
c i a b l e  a c t i v i t y  f r o m  p H  3 . 5  t o  a b o v e  8 ,  w i t h  t h e  o p t i m u m  b e i n g  n a r r o w e r  
56 
at the latter temperature (Figs. 2 and 3). Immobilization to porous 
silica broadens the activity vs. pH curve, compared to literature values 
for the free enzyme. Citrate and acetate buffers were employed below pH 
6.4, and phosphate at pH 6.4 and above. 
Effect of Temperature on Stability 
Half-lives of immobilized ~-amylase at pH 4.8 increased from 11 min 
at 80 °C to 230 min at 65 °C (Fig. 4). Since an Arrhenius relationship 
was not followed, no energy of activation for decay was determined. 
Effect of pH on Stability 
Stability at 65 °C reached a peak between pH's 5 and 6, and fell to 
close to zero by pH 3.5 and 8 (Fig. 5). Again citrate, acetate, and 
phosphate buffers were employed at different pH's. Below pH 7 two first-
order decays occurred, each covering roughly half the total activity, 
with the first being several times more rapid than the second. Half-
lives for both decays are shown on Fig. 5. 
DISCUSSION 
Malt ~-amylase immobilized to porous silica exhibits stability in-
ferior to that of glucoamylase or glucose isomerase bound to the same 
carrier, but sufficiently high that it could be employed for prolonged 
periods at temperatures below 60 °C. The enzyme is very active and it 
is probable, though not yet proved, that its reaction rate when immobil-
ized is limited by slow pore diffusion at the conditions employed here. 
If so, the measured stability is double its true value. No explanation 
is yet available for the double-segmented decay plots at intermediate pH's. 
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Table 1. Immobilization of a-Amylase. 
Source Bound Protein, Activity, Retention Carrier and of mg/g of Dry U/mg of Bound of 
Linkage a-Amylase Carrier Protein Activity, % Reference 
Isothiocyanato Sweet 17.5 123.2 25.1 1 
coupling to potato 
cellulose 
Diazo coupling Sweet 42.4 81.4 16.6 1 to cellulose potato 
Acrylamide Barley 6.8 48.6 23 2 
acrylic acid 
copolymer 
Sepharose* Barley 45 
---- 35 3 
VI 
00 Sepharose* Barley 15 
---- 40 3 
Sepharose* Barley 30 
---- 45 3 
Diazo coupling Sweet 32 6.4 1.5 4 
to Enzacryl AA Potato 
Isothiocyanato Sweet 26 3.4 0.8 4 
coupling to Potato 
Enzacryl AA 
* 
The enzyme was immobilized with different compositions of reaction mixture. 
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TEMPERATURE, °C 
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